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ABSTRACT 

The objective of this research was to determine maximum rates 
of sewage sludge application which can be used on agricultural soil with- 
out contaminating subsurface water with nitrate nitrogen, and surface 
waters with elements pathogenic to humans and animals, and without reduc- 
ing the yield or quality of the crops produced. 

This volume covers the period from April 1, 1976, to March 31, 
1977 and discusses the results from the fourth year of field runoff 
studies with fall, winter and spring applied fluid sewage sludge on land 
cropped with grain corn. Nutrients and metals in runoff water were 
measured. The report also covers the fourth year of field rate and 
source studies with three sludges resulting from treatment of sewage with 
calcium hydroxide, ferric chloride and aluminum sulphate for phosphorus 
removal. One experiment involved surface sludge applications on a loam 
soil on which bromegrass was grown, and two experiments involved corn on 
a loam, and a sandy soil. In a greenhouse experiment six fluid sewage 
sludges, selected for their high metal content, were applied to a soil 
previously adjusted to two pH levels. Eight crops of ryegrass were grown 
with sludges added before each crop. Half of the treatments received no 
sludge after the fifth crop. Crop growth and nutrient and metal uptake 
were studied. Field and laboratory studies have been used to estimate 
the nitrogen available from sludges and the rates of volatilization of 
nitrogen from surface applied sludge in the field. 

Runoff losses continued to be small, with generally less than 1 
kg N or 0.5 kg P/ha lost in one year. Rainfall and winter frost condi- 
tions appear to be more important than total precipitation in determining 
runoff losses. Sludge application in winter does not create added hazards 
provided reasonable precautions are taken. 

In the field rate and source studies the bromegrass yielded 
slightly more with sludge than with ammonium nitrate. Corn yields were 
little affected by nitrogen or sludge in 1975 or 1976. 

The sludges increased sodium bicarbonate-extractable (plant 
available) soil phosphorus markedly, with the calcium sludge being much 
more effective than the other sludges. Phosphorus concentrations in the 
crops were high, and little affected by treatment. 



Cadmium content of both grass and corn stover was increased by 
sludge application - greatest with the aluminum and iron sludges. 
Chromium was increased in some plant tissues at some sites, but results 
were inconsistent. Copper, nickel and zinc concentrations in bromegrass 
and corn stover increased with high rates of sludge application. 

In the greenhouse study increased rates of sludge applied at 
one time increased the concentrations of metals in ryegrass, with the 
exception of mercury and selenium. Repeated cycles of sludge application 
and cropping did not increase metal concentrations in the ryegrass from 
one crop to the next at any of the rates studied. One exception to this 
was zinc, which showed some increase from the fifth to the eighth crop. 

In a study of the extraction of metals from soils, it appeared 
that aqua regia extraction may be satisfactory as a measure of total 
metals added to soils in sewage sludges. 

In the nitrogen field studies it was found that nitrate-N 
concentration in early April was higher where sludge was applied in 
previous years on the corn experiments, suggesting that residual sludge N 
was being mineralized and nitrified. The nitrate-N concentration in the 
soil was usually lower under grass than under corn 

Nitrogen studies on abandoned runoff plots showed increased 
nitrate-N concentrations in the soil on April 8 where sludge had been 
applied in the previous fall or winter over that present where sludge had 
been applied in the previous springs, but not in 1976. 
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RESUME 



Le but de la presente recherche etait de determiner les doses 
maximales de boues pouvant €tre appliquees sur un sol cultive sans 
entratner la contamination des eaux souterraines par 1 'azote nitrique, 
ni celle des eaux de surface par des elements pathogSnes pour l'homme et 
les animaux et sans diminuer le rendement ou la qual ite de la recolte. 

Le rapport porte sur la periode du l er avril 1976 au 31 mars 
1977, et rend compte des resultats obtenus lors de la quatriSme annee 
d'etude du ruissel lement suivant 1 'epandage des boues liquides en 
automne, en hiver et au printemps sur des sols cultives en ma Vs. On a 
mesure la teneur en matiSres nutritives et en metaux des eaux de 
ruissel lement . 11 est aussi question de la quatri£me annee d'etudes des 
doses d'epandage et de 1 'origine de trois types de boues provenant de la 
dephosphatation des eaux usees avec de l'hydroxyde de calcium, du 
chlorure ferrique et du sulfate d'aluminium. Dans une des experiences, 
on a epandu les boues sur des terres grasses cultivees en brome et, dans 
deux autres, on a etudie des terres grasses et des terres sablonneuses 
cultivees en ma Vs. Dans une experience en serres, six types de boues 
liquides, choisies pour leur haute teneur en m6taux, ont ete epandues 
sur un sol prealablement ajuste a" deux pH differents. On a effectue 
huite recoltes de faux seigle en epandant des boues entre chaque periode 
de culture. Dans la moitie des groupes, on a interrompu 1 'epandage 
aprSs la cinquidme recolte. On a etude la croissance vegetale et 
1 'absorption des matiSres nutritives et des metaux. Des experiences sur 
le terrain et en laboratoire ont permis d'evaluer la quantite d'azote 
assimilable des boues et sa vitesse de volatilisation lorsque 
1 'appl ication se fait a" la surface du sol. 

Les pertes dues au ruisel lement ont continue d'etre faibles, 
s'elevant generalement 3 moins de 1 kg de N ou S 0,5 kg de P par 
hectare, en un an. Ces pertes semblent dependre plus des averses et des 
conditions de gel hivernales que des precipitations totales. L'epandage 
de boues en hiver ne cree pas de dangers supplementaires lorsque des 
precautions suffisantes sont prises. 

Les etudes des doses epandues et de la provenance des boues ont 
demontre que le rendement des cultures de brome etait legSrement plus 
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eleve qu'avec le nitrate d 'ammonium. L'azote ou les boues epandues en 
1975 et en 1976 n'ont eu que peu d'effet sur les rendements des cultures 
de mat's. 

Les boues ont accru de fagon marquee la proportion de phosphore 
du sol assimilable par les plantes et extractible par le bicarbonate de 
soude. Les boues de calcium se sont montrees beaucoup plus efficaces 
sous cet aspect. Dans les plantes recoltees, les concentrations de 
phosphore etaient elevees et peu modifiees par le traitement. 

Les epandages de boues ont augmente la teneur en cadmium tant 
de 1 'her be que des tiges de mat's; les boues d'aluminium et de fer ont 
ete les plus efficaces sous cet aspect. La teneur en chrome a augmente 
dans certains tissus vegetaux et oi certains endroits, mais non de fagon 
soutenue. Les teneurs en cuivre, en nickel et en zinc se sont accrues 
dans le brome et dans les tiges de mat's avec les doses elevees 
d'epandage de boues. 

En serres, 1 'augmentation de la dose epandue en une fois a 
augmente la teneur en metaux du faux seigle, 3 1 'exception du mercure et 
du selenium. AprSs des applications et des recoltes repetees, cette 
teneur n'a pas augmente d'une recolte 3 1 'autre et ce, quelle que fQt la 
dose utilisee. La seule exception au tableau etait le zinc, pour lequel 
on a note une legSre augmentation entre la cinquiSme et la huitiSme 
recolte. 

Une etude de 1 'extraction des metaux du sol a demontre que 
1 'extraction 3 1 'eau regale etait propice pour mesurer la quantite 
totale de metaux ajoutee par 1 'epandage des boues. 

Les etudes sur le terrain portant sur 1 'azote ont demontre que 
la teneur en azote nitrique, mesuree au debut d'avril, est plus elevee 
lorsque les boues ont ete epandues 1 'annee precedente sur les sols 
cultives en mat's; ce qui porte S croire que l'azote residuel des boues a 
ete mineralise et nitrifie. La teneur en azote nitrique etait 
habituel lement moins elevee dans les sols cultives en herbes que dans 
ceux qui etaient cultives en mat's. 

Des etudes de l'azote dans des parcel les de rui ssel lement 
abandonnees ont demontre une augmentation des teneurs en azote nitrique, 
le 8 avril, aux endroits oO des boues avaient ete epandues 1 'automne ou 
1 'hiver precedent, par rapport aux teneurs enregistrees la" oD des boues 
avaient ete epandues le printemps prec6dent mais non en 1976. 
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1. INTRODUCTION 

This volume covers the results of investigations carried out by 
the Department of Land Resource Science at the University of Guelph on 
land disposal of sewage sludge. The work was financed by Fisheries and 
Environment Canada and the Ontario Ministry of the Environment under 
project 72-5-17, contracted by the Federal Department of Supply and 
Services, and covers the period from April 1, 1976 to March 31, 1977. 
Previous work under this project has been published as Land Disposal of 
Sewage Sludge, Research Reports No„ 16, 2k, 35 and 60, Volumes I, II, III 
and IV, respectively, under provisions of the Canada-Ontario Agreement on 
Great Lakes Water Quality. 

The research program proceeded on schedule during 1975/76. 
April was warmer than normal allowing an early start at sludge applica- 
tion in the field. This advantage was compensated for by a wet period in 
early May with the result that seeding dates were about normal. The 
summer had few periods of above average temperature, but the heat unit 
accumulation was similar to the long-term average and moisture was 
wel 1 -distributed. The corn crops suffered little from drought even on 
the loamy sand soil at Cambridge. The bromegrass probably suffered from 
moisture deficiency in the second and third cut. 

The microbial studies were not continued in 1 976 as they 
appeared to have reached their objectives. Other facets of the project 
were reduced or eliminated where they did not appear to warrant further 
effort with the limited funds available. The runoff plots on 2% slopes 
were dropped from the runoff study in 1976, leaving only the plots on d% 
slopes. The plots on 2% slopes were used to obtain information on the 
residual value of nitrogen from sludge applied in previous years. Chemical 
analyses of the second and third cut of bromegrass were discontinued as 
they make up a small proportion of the total season's yield. 

As the work continues it becomes increasingly interesting to 
study the changes or lack of them in metal and nutrient uptake from year 
to year and crop to crop. The patterns emerging are not what was expected,. 



2. OBJECTIVES 

The objective of this research is to determine maximum rates of 
sewage sludge application which can be used on agricultural soil without 
contaminating subsurface water with nitrate nitrogen, and surface waters 
with elements pathogenic to humans and animals, and without reducing the 
yield or quality of the crops produced. 



3 RUNOFF 

3.1 Objectives 

This section of the sludge project was designed to determine 
rates of sewage sludge which may be safely applied to certain slopes at 
specified times of the year. 

3.2 Experimental 

3.2.1 Design 

Runoff was measured at the Elora Research Station on an imper- 
fect to poorly drained sandy clay loam soil with systematic tile drains. 
Field plots, 0.025 ac (0.01 hectare) on 2% and 6% slopes with suitable 
edging and runoff collection devices, were installed in the fall of 1972. 
Fluid iron precipitated sludge from the North Toronto sewage treatment 
plant was applied to separate plots each November, January and April. 

Rates of application based on the nitrogen content of the sludge 
were 178 lb N/ac (200 kg N/ha) and 712 lb N/ac (800 kg N/ha) on the 2% 
slope and 1 78 lb N/ac (200 kg N/ha) on the 6% slope. On each slope the 
treatment without sludge received 100 lb N/ac (112 kg N/ha) as NH.NO^ 
in the spring. There were two replicates of each treatment. 

After each runoff event the volumes of water collected were 
measured, sampled taken and tanks emptied. In the winter period (January 
April 1976) runoff was collected from both 6% and 2% slopes. Commencing 
with the spring treatment April 13, 1976, sludge was applied to the 6% 
plots only since it had been decided to discontinue the 2% plots. The 
runoff area was plowed (May 19) » and planted (May 20). 

3.2.2 Water analysis 

Soluble nitrogen and phosphorus in the water samples were 
determined directly using an automated procedure after passing through a 
0.^5 V filter. Total nitrogen and phosphorus in the unfiltered water 
sampled were determined using an automated procedure after digestion with 

H 2 S( V H 2°2 ( Tnomas et alo » 1 9^7). 

Soluble metals (Cd, Cu, Ni , Pb and Zn) were determined by atomic 

absorption using a Varian-Techtron AA6 with a CRA 90 furnace after the 

water samples were passed through a 0.45 u filter. Acid extractable 

metals were determined by digesting unfiltered water samples with aqua 
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regia; the concentrations were determined using standard atomic 
absorption techniques. 

Mercury content of filtered (0.^5 v) water samples was 
determined by flameless atomic absorption (Hamm and Stewart, 1973) after 
oxidation of the organic materials with potassium permanganate and 
potassium persulphate. Sediment collected on the filters was digested 
with aqua regia at 60 C before mercury determination by flameless 
atomic absorption. 

3.3 Results and Discussion 

3.3.1 Crop yield 

Germination was normal and the stand thinned to 20,000 plants 
per acre on June 17. The corn was harvested on October 15, and the yields 
are given in Table 1. There was little difference in yield between diffe- 
rent times of application. Yields for all treatments were considerably 
lower than the yields for 1975, but were higher than 1 97^* or 1973. 

3.3.2 Precipitation and runoff losses 

Total precipitation for the three runoff periods ending January 
20, 1977 (Tables 2, 3 and k) was 97.10 cm. This is 11$ higher than in 
the previous 12-month period ending December 31, 1975, and \]% more than 
the 30-year average for this region (Table 5). Only one runoff event 
occurred following the winter application of sludge (January 20), (Table 
2), and one event occurred following the spring application of sludge 
(Table 3). Throughout the winter period the temperature of the soil was 
monitored at two depths (2 cm and k5 cm from the surface). The surface 
temperature ranged from 0°C to 1°C, while at kS cm it ranged from 
1°C to 3°C. Since the soil was never completely frozen, and with only 
three days in January above the freezing mark, it possibly explains why 
the number of runoff events was very low (one) as compared to the winter 
of 1975 (twelve). 

The losses of total and soluble nitrogen and phosphorus are 
shown in Tables 6 and 7 for the winter period, and for the summer period 
in Table 8. The fall period in 1976 gave no runoff. Losses were lower 
than in 1975 in keeping with the reduced number of runoff events. 



The soluble and the acid extractable metals (winter and summer 
periods) are shown in Tables 9, 10 and 11. Like the total and soluble 
nitrogen and phosphorus, the amounts of metals are considerably lower 
than in 1975 and 197^, because of the fewer number of events. 

An estimate of the amount of organic material present in runoff 
water (winter and summer periods) is given by the value of the chemical 
oxygen demand (Table 12). Organic matter losses are also lower than 
previous years. 

3.** Conclusions 

Runoff losses continued to be small, with generally less than 
one kilogram N or one-half kilogram P per hectare lost in one year. 

Rainfall and winter frost conditions appear more important than 
total precipitation in determining runoff losses. 

Sludge application in winter does not create added hazards 
provided reasonable precautions are taken, such as using the more level 
land, avoiding ice on the soil surface, and adhering to low application 
rates (200 kg N/ha or less). 



TABLE 1. Yield of Corn (Shelled Grain*) in 1973, 1974, 1975 and 1976 



Slope and Treatment 


1973 


1974 

lb/ac 


1975 
(kg/ha) 


1976 


6% slope 










200 kg N Fall 

Winter 
Spring 


4390 (4920) 
4010 (4490) 
4200 (4700) 


4600 (5150) 
4450 (4990) 
4510 (5050) 


7210 (8070) 
6690 (7490) 
6740 (7540) 


5790 (6490) 
5320 (5970) 
5500 (6180) 


Check 


4190 (4690) 


4640 (5200) 


6800 (7620) 


6070 (6810) 



CTN 



2% slope 










200 kg N 


Fall 

Winter 

Spring 


4480 (5020) 
3610 (4040) 
4390 (4920) 


6280 (7040) 
6090 (6820) 
5250 (5880) 


8040 (9000) 
7860 (8800) 
8090 (9060) 


800 kg N 


Fall 

Winter 

Spring 


6030 (6750) 
5760 (6450) 
5690 (6370) 


5070 (5670) 
4810 (5390) 
5580 (6250) 


7860 (8800) 
7970 (8930) 
8090 (9060) 




Check 


4270 (4780) 


4900 (5490) 


7620 (8530) 


*\5% moisture 









TABLE 2. Rainfall in Winter Period, Elora. January 20 to April 12, 1976 



Day of 


Jan 




Feb. 


Ma 


r. 


Apr. 


•tenth 


in 


cm 


in 


cm 


in 


cm 


in cm 


1 










0.09 


0.23 


1.5 


3.68 


0.06 0.15 


2 










0.01 


0.03 


0.70 


1.78 




3 










0.02 


0.05 


0.14 


O.36 




4 










0.02 


0.05 


0.46 


1.17 




5 










0.01 


0.03 


0.15 


O.38 




6 










0.02 


0.05 


0.05 


0.13 




7 










0.16 


0.41 


0.01 


0.03 




8 




















9 




















10 














0.23 


0.58 


0.06 0.15 


11 










0.05 


0.13 








12 














0.86 


2.18 




13 














0.02 


0.05 




14 














0.06 


0.15 




15 










0.26 


0.66 








16 










0.13 


0.33 


0.02 


0.05 




17 










0.21 


0.53 


0.01 


0.03 




18 










0.14 


0.36 


0.13 


0.33 




19 

20 
21 










0.01 
0.17 
0.42 


0.03 
0.43 
1.07 


0.09 
0.04 


0.23 
0.10 




J0.04| 
0.05 


|0. 





0.13 


22 
23 


0.13 


0.33 
















24 


0.03 


0.08 






0.22 


0.56 




25 


0.62 


1.57 












26 


0.60 


1.52 


0.02 


0.05 








27 










0.27 


0.67 




28 


0.13 


0.33 


0.08 


0.20 








29 


0.01 


0.03 






T 


T 




30 










0.08 


0.20 




31 










0.55 


1.40 




Monthly 
















Total 


1.61 


4.09 


1.82 


4.62 


5.54 


14.07 


0.12 0.30 


Cumulat ive 
















Total 


1.61 


4.07 


3.43 


8.71 


8.97 


22.78 


9.09 23.08 



□ 

T 



Denotes a date of sludge application. 
Denotes a date on which a runoff occurred. 
Denotes trace (<0.01 in) 



TABLE 3. Rainfall in Summer Period, Elora. April 13 to November 21, 1976 



Day of 


Ap 


r. 


May 


June 


Ju 


iy 


Month 


in 


cm 


in 


cm 


in cm 


in 


cm 


1 


• 








0.02 


0.05 




0.12 


0.30 


2 










0.20 


0.50 




T 


T 


3 










0.02 


0.05 




0.11 


0.28 


k 




















5 










0.31 


0.79 


■ 






6 










1.22 


3.10 








7 










0.01 


0.03 




0.56 


1.42 


8 










T 


T 








9 
















0.38 


0.97 


10 










0.12 


0.30 




0.05 


0.13 


11 










0.08 


0.20 








12 




















13 


mi 


r~i 


0.01 


0.03 


0.08 0.20 






14 


0.59 


1.50 


0.05 


0.13 




0.01 


0.03 


15 


0.64 


1.63 


0.08 


0.20 


0.09 0.23 


0.22 


0.56 


16 






0.20 


0.50 


0.04 0.10 






17 






T 


T 








18 










0.12 0.30 






19 










0.21 0.53 






20 












0.71 


1.80 


21 


0.19 


0.48 












22 


0.26 


0.66 












23 


0.03 


0.08 








0.03 


0.08 


24 


1.30 


3.30 






0.49 1.24 






25 


0.59 


1.50 


0.01 


0.03 








26 






T 


T 


0.25 0.63 


0.02 


0.05 


27 
















28 










0.41 1.04 


0.83 


2.11 


29 










O.76 1.93 


T 


T 


30 


0.09 


0.23 


0.33 


0.84 


1.21 3-07 


0.27 


0.69 


31 






0.28 


0.71 




0.08 


0.20 


Monthly 


i 














Total 


| 3.69 


9-37 


2.94 


7.47 


3.66 9.30 


3.39 


8.61 


Cumulative 


1 














Total 






6.63 

i 


16.84 


10.29 26.14 


13.68 


3^.75 



□ 



Denotes a date of sludge application. 
Denotes a date on which a runoff occurred. 
Denotes trace (<0. 01 in). 
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TABLE 3. (Continued) 



Day of 


Aug. 


Sept. 


Oct. 


Nov. 


Month 


in 


cm 


in 


cm 


in cm 


in 


cm 


1 






0.03 


0.08 




T 


T 


2 












0.01 


0.03 


3 






0.12 


0.30 




T 


T 


k 












0.11 


0.28 


5 


0.04 


0.10 








0.01 


0.03 


6 










0.97 2.46 






7 


0.18 


0.46 






T T 


0.02 


0.05 


8 


0.49 


1.24 






T T 


0.01 


0.03 


9 






0.57 


1.45 


0.15 0.38 


0.11 


0.28 


10 


T 


T 


0.25 


0.63 




0.03 


0.08 


11 


T 


T 












12 


0.24 


0.61 












13 


0.35 


0.89 






0.25 0.63 






14 


0.42 


1.07 












15 






T 


T 


0.05 0.13 






16 






0.01 


0.03 








17 






2.49 


6.32 








18 
















19 






0.40 


1.02 


0.43 1.09 






20 






0.02 


0.05 


0.33 0.84 


0.04 


0.10 


21 






0.17 


0.43 


0.26 0.66 


T 


T 


22 






0.36 


0.91 


0.18 0.46 






23 






0.01 


0.03 


0.12 0.30 






24 










0.12 0.30 






25 






0.01 


0.03 


0.01 0.03 






26 


0.06 


0.15 


0.32 


0.81 


T T 






27 
















28 
















29 
















30 










0.21 0.53 






31 


0.46 


1.17 






T T 






Monthly 
















Total 


2.24 


5.69 


4.76 


12.09 


3.08 7.82 


0.34 


0.86 


Cumulative 
















Total 


15.92 


41.44 


20.68 


52.53 


23.76 60.35 

_ — i 


24.10 


61.21 



I | Denotes a date of sludge application. 

Denotes a date on which a runoff occurred 
T Denotes trace (<0.01 in). 



TABLE 4. Rainfall in Fall Period, Elora November 22, 1976 to January 20, 1977 



Day of 


Nov. 


Dec. 


Jan. 


Month 


in cm 


in cm 


in cm 


1 








0.12 0.30 


0.01 0.03 


2 








0.02 0.05 


0.02 0.05 


3 








0.13 0.33 


0.06 0.15 


k 








0.03 0.08 




5 








0.01 0.03 




6 








0.19 0.48 


0.08 0.20 


7 






• 




0.02 0.05 


8 








0.02 0.05 


0.05 O.38 


9 








0.01 0.03 


0.31 0.79 


10 










0.08 0.20 


11 










0.03 0.08 


12 








0.05 O.38 


0.01 0.03 


13 










0.18 0.46 


14 










0.04 0.10 


15 












16 








0.06 0.15 


0.03 0.08 


17 








0.01 0.03 


0.04 0.10 


18 










0.01 0.03 


19 








0.27 0.69 




20 










0.01 0.03 


21 
22 
23 








0.02 0.05 
0.04 0.10 
0.04 0.10 




t 


051 10.13 


01 0.03 


24 


0.03 0.08 






25 


0.19 0.48 


0.03 0.08 




26 


0.44 1.12 


0.02 0.05 




27 


0.01 0.03 


0.10 0.25 




28 


T T 


0.05 0.38 




29 


0.02 0.05 






30 


0.03 0.08 






31 




0.03 0.08 




Monthly 








Total 


0.78 1.98 


1.25 3- 18 


0.98 2.49 


Cumulative 








Total 


0.78 1.98 


2.03 5.16 


3.01 7.65 



□ 



Denotes a date of sludge application. 
Denotes a date on which a runoff occurred 

Denotes trace (<0.01 in) 
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TABLE 5. Monthly and Cumulative Precipitation for the Elora Research Station, 1976. 



Month 



January 1976-December 1976 



Monthly total 



Cumulative total 



30~year average 



Monthly total Cumulative total 





in 


(cm) 


in 


(cm) 


January 


3.60 


9.16 


3.60 


9.16 


February 


1.82 


4.62 


5.42 


13.78 


March 


5-54 


14.07 


10.96 


27.85 


Apri 1 


3.81 


9.67 


14.77 


37.52 


May 


2.94 


7.47 


17.71 


44.99 


June 


3.66 


9.30 


21.37 


54.29 


July 


3.39 


8.61 


24.76 


62.90 


August 


2.24 


5.69 


27.00 


68.59 


September 


4.76 


12.09 


31.76 


80.68 


October 


3.08 


7.82 


34.84 


88.50 


November 


1.12 


2.84 


35.96 


91.34 


December 


1.25 


3.18 


37.21 


94.52 



in 


(cm) 


in 


(cm) 


2.79 


7.08 


2.79 


7.08 


2.24 


5.69 


5.03 


12.77 


2.48 


6.30 


7.51 


19.07 


2.70 


6.86 


10.21 


25.93 


3.10 


7.87 


13.31 


33.80 


3.00 


7.62 


16.31 


41.42 


3.10 


7.87 


19.41 


49.29 


3.10 


7.87 


22.51 


57.16 


3.00 


7.62 


25.51 


64.78 


2.79 


7.08 


28.30 


71.85 


2.70 


6.86 


31.00 


78.72 


2.79 


7.08 


33.79 


85.80 



TABLE 6. Runoff Losses in Winter Period, January 20 to April 12, 1976. 
Total Nitrogen and Phosphorus 











Total 


Fraction 






Slope and Treatment 


Runoff* 


Nit 


rogen 


Pho: 


>ph 


orus 




in 


(cm) 


Ib/ac 


(kg/ha) 


Ib/ac 




(kg/ha) 


6% Slope 
















200 kgN Fall 


0.84 


(2.13) 


0.23 


(0.26) 


0.10 




(0.11) 


Winter 


0.84 


(2.13) 


0.41 


(0.46) 


0.04 




(0.04) 


Spring 


0.84 


(2.13) 


0.19 


(0.22) 


0.04 




(0.04) 


Check 


0.84 


(2.13) 


0.16 


(0.17) 


0.04 




(0.04) 



2% Slope 
















200 kgN 


Fall 


0.62 


(1.57) 


0.13 


(0.14) 


0.04 


(0.05) 




Winter 


0.62 


(1.57) 


0.16 


(0.18) 


0.04 


(0.05) 




Spring 


0.62 


(1.57) 


0.11 


(0.12) 


0.03 


(0.03) 


800 kgN 


Fall 


0.62 


(1.57) 


0.16 


(0.18) 


0.05 


(0.06) 




Winter 


0.62 


(1.57) 


0.15 


(0.17) 


0.04 


(0.04) 




Spring 


0.62 


(1.57) 


0.13 


(0.14) 


0.03 


(0.03) 


• 


Check 


0.62 


(1.57) 


0.15 


(0.17) 


0.03 


(0.03) 



One runoff event - all tanks completely filled with a small amount of 
overflow. 
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TABLE 7. Runoff Losses in Winter Period, January 20 to April 12, 1976. 
Soluble Nitrogen and Phosphorus 













Soluble 


Fraction 




Slope and 


Treatment 


Runoff* 


Ni 


trogen 


Phos 


iphorus 






in 


(cm) 


lb/ac 


(kg/ha) 


lb/ac 


(kg/ha) 


6% Slope 
















200 kgN 


Fall 


0.84 


(2.13) 


0.09 


(0.10) 


0.05 


(0.05) 




Winter 


0.84 


(2.13) 


0.04 


(0.04) 


<0.01 


(<0.01) 




Spring 


0.84 


(2.13) 


0.04 


(0.04) 


<0.01 


(<0.01) 




Check 


0.84 


(2.13) 


0.04 


(0.04) 


<0.01 


(<0.01) 



2% Slope 
















200 kgN 


Fall 


0.62 


(1.57) 


0.04 


(0.05) 


0.03 


(0.03) 




Winter 


0.62 


(1.57) 


0.06 


(0.06) 


0.02 


(0.02) 




Spri ng 


0.62 


(1.57) 


0.03 


(0.03) 


0.01 


(0.01) 


800 kgN 


Fall 


0.62 


(1.57) 


0.06 


(0.07) 


0.03 


(0.03) 




Winter 


0.62 


(1.57) 


0.05 


(0.06) 


0.02 


(0.02) 




Spring 


0.62 


(1.57) 


0.03 


(0.03) 


0.01 


(0.01) 




Check 


0.62 


(1.57) 


0.04 


(0.04) 


0.01 


(0.01) 



One runoff event - all tanks completely filled with a small amount of 
overflow. 
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TABLE 8. Runoff Losses* in Summer Period, April 13 to September 30, 1976. 
Total and Soluble Nitrogen and Phosphorus from 6 Percent Slope 
Plots. 



Runoff Nitrogen Phosphorus 



Treatment in (cm) lb/ac (kg/ha) lb/ac (kg/ha) 



Total Fraction 

200 kg N Fall 0.44 (1.12) 0.30 (0.33) 0.14 (0.16) 

Winter 0.27 (0.69) 0.19 (0.22) 0.08 (0.09) 

Spring 0.20 (0.51) 0.18 (0.20) 0.08 (0.09) 

Check O.38 (0.97) 0.43 (0.49) 0.16 (0.18) 

Soluble Fraction 

200 kg N Fall 0.44 (1.12) 0.02 (0.02) 0.02 (0.03) 

Winter 0.27 (0.69) 0.01 (0.01) 0.02 (0.02) 

Spring 0.20 (0.50 0.01 (0.01) 0.01 (0.01) 

Check 0.38 (0.97) 0.04 (0.04) 0.02 (0.02) 



* one runoff event (June 30) 
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TABLE 9. Acid-Extractable Metals in Runoff. Winter, 1976. 



Slope and Treatment Cd Cu rig* Ni Pb Zn 



6% slope 



lb/ac x 10" 3 (kg/ha x 10" 3 ) 



200 kg N Fall <0.02(<0.02) 3-67(4.11) 0.30(0.34) 2.6(2.9) 17-4(19.5) 18.4(20.6) 

Winter <0.02(<0.02) 4.47(5-01) 0.13(0.15) 2.3(2.6) 44.5(49-8) 16.9(18.9) 

Spring <0.02(<0.02 3.89(4.36) 0.09(0.10) 1.9(2.1) 69.6(78.0) 11.6(13-0) 

Check <0.02(<0.02) 3-49(3-91) 0.12(0.13) 1-9(2.1) 30.9(34.6) 5-96(6.68) 



2% slope 
















200 kg N 


Fall 

Winter 
Spr ing 


<0.02(<0.02) 
<0.02(<0.02) 
<0.02(<0.02) 


3.14(3.52) 
5-42(6.07) 
3.84(4.30) 


0.16(0.18) 
0.18(0.20) 
0.28(0.32) 


1.9(2.1) 
1.8(2.0) 
2.3(2.6) 


0.7 (0.8) 
<0.25(<0.25) 
<0.25(<0.25) 


5.37(6.01) 
11.6(13-0) 
8.77(9.82) 


800 kg N 


Fall 
Winter 
Spr ing 


<0.02(<0.02) 
<0.02(<0.02) 
<0.02(<0.02) 


4.76(5-33) 

2.62(2.93) 
4.01(4.49) 


0.21 (0.24) 
0.17(0.19) 
0.15(0.17) 


1.4(1.6) 
1.6(1.8) 
2.1(2.4) 


<0.25(<0.25) 
<0.25(<0.25) 
<0.25(<0.25) 


12.1(13.5) 
6.04(6.76) 
11.8(13.2) 




Check 


<0.02(<0.02) 


2.36(2.64) 


0.18(0.20) 


1.8(2.0) 


<0.25(<0.25) 


5.36(6.00) 



*Sum of Hg in filtered (0.45y) water samples and in sediments. 



TABLE 10. Soluble Metals in Runoff. Winter, 1976. 



Slope and Treatment 



Cd 



Cu 



Hg 



Ni 



Pb 



Zn 



lb/ac x 10 



-3 



(kg/ha x 10" 3 ) 



6% slope 
200 kg N 



Fall 
Winter 
Spr ing 

Check 



<0.02(<0.02) 
<0.02(<0.02) 
<0.02(<0.02) 



2.42(2.71) 
3.67(4.11) 
3.09(3.46) 



0.24(0.27) 
0.11 (0.12) 
0.06(0.07) 



1.9(2.1) 
1.9(2.1) 
1.2(1.3) 



<0.25(<0.25) 
<0.25(<0.25) 
<0.25(<0.25) 



3.87(4.33) 
13-0(14.5) 
9.67(10.8) 



<0.02(<0.02) 3.09(3-46) 0.10(0.11) 1.7(1.9) <0.25(<0.25) 4.06(4.55) 



ON 



2% slope 
















200 kg N 


Fall 

Winter 
Spring 


CM CM CM 
O O O 

O O O 

V V V 

CM CM CM 
O O O 

O O O 

V V V 


2.34(2.62) 

2.62(2.93) 
1.84(2.06) 


0.09(0.10) 
0.10(0.11) 
0.22(0.24) 


1.7(1.9) 
1.3(1.5) 
2.1(2.4) 


LA LA LA 
CM CM CM 

O O O 

V V V 

LA LA LA 
CM CM CM 

O O O 

V V V 


3.97(4.45) 
4.53(5.07) 
5-52(6.18) 


800 kg N 


Fall 

Winter 
Spring 


<0.02(<0.02) 
<0.02(<0.02) 
<0.02(<0.02) 


2.41 (2.70) 
1.92(2.15) 
1.91(2.14) 


0.14(0.16) 
0.11(0.12) 
0.11(0.12) 


1.1(1.2) 
1.4(1.6) 
1.8(2.0) 


<0.25(<0.25) 
<0.25(<0.25) 
<0.25(<0.25) 


5.73(6.42) 
3.54(3.96) 
6.80(7.62) 




Check 


<0.02(<0.02) 


1.56(1.75) 


0.15(0.16) 


1.4(1.6) 


<0.25(<0.25) 


3.96(4.44) 



TABLE 11. Soluble and Acid-Extractable Metals in Runoff. Summer, 1976. 



Slope and Treatment 



Cd 



Cu 



Hg 



Ni 



Pb 



Zn 



lb/ac x 10" 3 (kg/ha x 10" 3 ) 



Soluble fraction 



-«j 



6% slope 



200 kg N 


Fall 


<0.02(<0.02) 


2.38(2.67) 


0.06(0.07) 


1.0(1.1) 


82.2(92.1) 


7.45(8.34) 




Winter 


<0.02(<0.02) 


0.92(1.03) 


0.04(0.04) 


0.6(0.7) 


17.4(19.5) 


3.39(3-80) 




Spr i ng 


<0.02(<0.02) 


1.43(1 .60) 


0.03(0.03) 


0.6(0.7) 


22.4(25.1) 


4.73(5.30) 




Check 


<0.02(<0.02) 


0.89(1.00) 


o.o4(o.o4) 


0.4(0.4) 


19.9(22.3) 


7.79(8.72) 



slope 



200 kg N 



Acid-extractable fraction 



Fall 


<0.02(<0.02) 


3.98(4.46) 


0.08(0.09)* 


1.7(1.9) 


88.1(98.7) 


15.6(17.5) 


Winter 


<0.02(<0.02) 


2.52(2.82) 


0.05(0.06) 


1.2(1.3) 


31.0(34.7) 


9.94(11.1) 


Spring 


<0.02(<0.02) 


1.63(1.83) 


0.04(0.04) 


0.9(1.0) 


32.4(36.3) 


9.73(10.9) 


Check 


<0.02(<0.02) 


2.94(3.29) 


0.05(0.06) 


2.0(2.2) 


36.0(40.3) 


18.4(20.7) 



Sum of Hg in filtered (0.45u) water samples and in sediments. 



TABLE 12. COD* in Runoff Water for Winter and Summer Periods, 1976. 



Winter Summer 

Slope and Treatment }b/aQ ( kg/ha ) lb/ac (kg/ha) 

6% slope 

200 kg N Fall 6.0 (6.7) 6.1* (7-2) 

Winter h.5 (5.0) 3-7 (^.2) 

Spring 8.9 (10.0) 3-2 (3-6) 

Check 1.5 (1-7) 7.*» (8.3) 



2% slope 
200 kg N 



800 kg N 



Fall 


3.6 


B.0) 


Winter 


3-8 


tk,$ 


Spring 


1.6 


(1.8) 


Fall 


h.3 


(5.5) 


Winter 


7-0 


(7.9) 


Spring 


3.J» 


(3.8) 



Check 7.1 (8.0) 



* chemical oxygen demand 
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4. FIELD RATE AND SOURCE EXPERIMENTS 

4. 1 Objectives 

The objective of the field rate and source experiments is to 

determine the rate of three chemically treated sludges which may be 

safely used on typical Ontario soils without adversely affecting crop 
yields or nitrate and heavy metal content. 

4.2 Materials and Methods 

4.2.1 General 



Experiments have been in progress since 1973 on two soils, a 
Conestoga loam at the Elora Research Station and a Caledon loamy sand at 
the Cambridge (Hespeler) Research Station. At the Elora Research Station 
one experiment is in progress with corn (zea mays L. ) as the crop and 
one with bromegrass (Bromis inermis Ley ess) . Only corn is being grown 
at the Cambridge site. 

The sources of nitrogen used in these trails were ammonium 
nitrate and combined waste activated primary and secondary fluid digested 
sewage sludges resulting from calcium hydroxide, aluminum sulphate and 
ferric chloride treatment of sewage for phosphorus removal. Chemical 
compositions of sludges used in 1976 are presented in Table 13, and the 
amounts of various constituents applied in the sludges are presented in 
Tables 14 to 19. The Newmarket sewag£ treatment plant switched from 
calcium to iron for phosphorus removal during the year, and iron treated 
Newmarket sludge was used in error on calcium treatments of the Elora 
corn trial and for the first application in the Elora bromegrass trial 

(Table 13). 

The rates of nitrogen application each year from ammonium 
nitrate were: 0, 89, 178 and 356 lb N/ac (0, 200 and 400 kg N/ha). The 

rates from each of the three sewage sludges were: 178, 356, 712 and 1424 

lb N/ac (200, 400, 800 and 1600 kg N/ha). 

There were four nitrogen sources, four rates, and three 

repl icateons resulting in a total of 48 plots for each trail. The corn 

plot size was 15' x 25' (4.57 x 7.62 m) and the bromegrass plot size was 

8' x 20' (2.44 x 6.09 m). 
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4.2.2 Bromegrass, Elora 

The bromegrass trial was laid out on an established stand of 
bromegrass on the Elora Research Station on Conestoga loam in the spring 
of 1973. Potassium chloride supplying 50 lb K_0/ac (47 kg K/ha) was 
broadcast on all plots in the spring of 1973, and supplied 97 lb of 
K 0/ac (90 kg K/ha) in the spring of 197^, 1975 and 1976. Eighty-three 
lb P.0./ac (40 kg P/ha) as 46% superphosphate was broadcast on the 
plots which did not receive sludge in the spring of 1973, 80 lb P.O /ac 
(39 kg P/ha) in the spring of 1974 and 83 lb P^/ac (40 kg P/ha) in 
the spring of 1975 and again in 1976. Annual nitrogen rates for the brome- 
grass were divided into three equal applications for both the ammonium 
nitrate and sewage sludges. The dates of nitrogen and sludge application 
to grass are presented, along with harvest dates, in Table 20 and the 
amounts of nutrients and metals added in the sludges are presented in 
Tables 14 and 15. To reduce costs only the first cut of bromegrass was 
analyzed chemically, and only selected treatments were analyzed for Mo, 
Se and Hg. 

4.2.3 Corn, Elora and Cambridge 

The two corn trials have been in progress since the fall of 
1972 when an old stand of bromegrass was plowed under at the Elora 
Research Station, and an oat cover crop was plowed under at the Cambridge 
site. Field operations in 1976 are listed in Table 21, the chemical 
composition of the sludges used are described in Table 13 and the amounts 
of nutrients and metals added in the sludges are presented in Tables 16, 

17, 18 and 19. 

In order to reduce costs, and because corn grain samples showed 
few differences in chemical composition in previous years, corn grain 
samples from only two ammonium nitrate rates and the highest rates of 
sewage sludges were analyzed chemically. To save costs only selected 
treatments of the corn stover were analyzed for Mo, Se and Hg 

4.3 Results and Discussion 
4.3.1 The 1976 season 

In 1976 April was warmer than normal allowing an early start to 
plowing and sludge application,, Early May was cool and wet, however, with 
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the result that seeding dates were about normal. Emergence of corn and 
final stands were adequate in spite of a dry spell during germination and 
emergence. The moisture supply was better than usual in 1976 with few 
prolonged dry periods. While there were few hot periods in the summer, 
the normal total number of heat units were available for the crop. 
Because of the plentiful moisture supply both hay and corn yields were 
above average. The Cambridge corn experiment in particular suffered less 
than usual from dry weather. 

In general only the 1976 data are discussed in this report as 
the 1 973 > 7k and 75 results are discussed in previous reports. With the 
exception of crop yields, data for different treatments are presented 
only where there were significant treatment effects. Where there were no 
treatment differences in ^femical composition, only the trial averages 
are presented. 

Bromegrass yields for the three cuttings in 1976 are presented 
in Tables 22, 23 and 2k and the total annual yields for 1976, 75 and 7k 
in Tables 25, 26 and 27. In 1976, as in previous years, the first 
cutting made up a very large portion of the total bromegrass yield for 
the season (approximately 68%). Sewage sludge appears to have produced 
somewhat higher yields than the same rate of nitrogen from ammonium 
nitrate (Table 25). The calcium sludge appears to have produced a 
different response pattern from the iron sludge, but this is difficult to 
interpret as the first application of sludge on the "calcium" sludge 
plots in 1976 was actually iron sludge (Table 13). 

Corn stover yields at Elora and Cambridge were not affected by 
treatment in 1976 (Tables 28 and 29). 

Corn grain yields were increased significantly by application 
of ammonium nitrate or of sludge at both Elora and Cambridge (Tables 30 
and 31). The "calcium" sludge treatment produced lower yields than the 
other sludges at Elora but, as with the bromegrass, the sludge applied in 
1976 was actually an iron sludge (Table 13). 

Nitrogen concentration in the bromegrass (Table 32) and in the 
corn stover (Tables 33 and 3*0 were higher with ammonium nitrate than with 
the equivalent rate of nitrogen from sludge. In the bromegrass it is 
possible that the greater yields with sludge than with ammonium nitrate 
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may account for the difference in nitrogen concentration. Nitrogen con- 
centration in the corn grain was not affected by treatment (Table 35). 

Nitrate-N concentration in the bromegrass and corn stover 
increased with rate of nitrogen from ammonium nitrate and from sludge. 

Phosphorus concentration in bromegrass was higher with sludge 
than with ammonium nitrate (Table 39). in the corn stover and corn 
grain, phosphorus concentration was little affected by treatment (Tables 

40, *4l and 35). 

Soi 1 phosphorus extractable by sodium bicarbonate was markedly 
increased by sludge application in all three experiments (Tables k2, ^3 
and kk) . This effect was much more marked with the calcium sludge than 
with aluminum or iron. 

Potassium concentration in bromegrass was reduced by nitrogen 
application (Table kS) . At least in part thi^fis believed to be due to 
dilution by the increased growth obtained with nitrogen. Potassium 
concentration in corn stover at Elora increased slightly with increased 
rate of nitrogen (Table 46). Corn grain potassium was not significantly 
affected by treatment (Table 35). 

Soil potassium extracted with ammonium acetate was not greatly 
affected by treatment except at the Cambridge site (Table kS) where the 
calcium sludge resulted in lower extractable potassium levels. 

Calcium concentration in the bromegrass (Table 50) and in the 
Cambridge corn stover (Table 51) were increased by increased rates of 
nitrogen from ammonium nitrate and from sewage sludge. 

Soi 1 pH has been increased by lime sludge application in all 
three trials (Tables 52, 53 and 5*») to pH levels higher than those of the 
lime sludge or the original soil. The iron sludge decreased soil pH 
slightly in the bromegrass and Elora corn trails. 

Magnesium concentration in bromegrass was increased by nitrogen 
application from ammonium nitrate or from sludge (Table 55) but this 
effect was not apparent in the corn stover (Tables 56 and 57). 

Soil magnesium extracted with ammonium acetate from the Elora 
corn experiment was increased by application of iron sludge but not by 
the other sludges (Table 58). This trend is not apparent in the other 
two trials and is not understood. 
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Manganese concentration in bromegrass was reduced by the highest 
rate of calcium sludge (Table 59). Manganese concentration in corn 
stover from Elora was reduced by high rates of ammonium nitrate (Table 
60). 

Iron concentration in bromegrass was increased slightly but 
significantly by increased nitrogen rates from ammonium nitrate or from 
sludge (Table 61). 

Boron concentration in the bromegrass was decreased very slightly 
by nitrogen from ammonium nitrate or from sewage sludge (Table 62). 

Cadmium concentration in bromegrass was rather variable but 
treatment differences were not significant (Table 63). Cadmium 
concentration in corn stover at Elora and Cambridge increased with 
increasing rates of nitrogen from ammonium nitrate or sludge but was 
highest with the highest rates of aluminum and iron sludge (Tables 6^ and 
65). Cadmium concentration in the corn grain at Elora may have been 
increased slightly by sludge application (Table 66). 

Cadmium concentrations in ryegrass and corn stover for the 
period 1973 to 1976 from selected treatments are presented in Tables 67 
and 68. The values are rather variable from year to year, but there 
appears to be some increase in cadmium concentration in the bromegrass 
and in corn stover over the four-year period with ammonium nitrate and a 
greater increase with sewage sludge. 

Chromium concentration in the bromegrass appeared to be lower 
with the highest rate of calcium sludge than with some other treatments 
(Table 69). Chromium concentration in the corn stover from Cambridge was 
much higher with the two highest rates of aluminum sludge than with other 
treatments (Table 70). Chromium concentration was actually lower in the 
grain with the high rate of aluminum sludge at both Elora and Cambridge, 
(Table 66). The aluminum sludge supplied a great deal more chromium than 
either of the other sludges in all three experiments (Tables 15, 17 and 

19). 

Copper concentration in the bromegrass and in corn stover from 
both experiments was increased by ammonium nitrate or sewage sludge 
(Tables 71, 72 and 73). The copper concentration was higher with higher 
rates of sludge than with the highest rate of ammonium nitrate in the 
bromegrass and in the corn stover at Cambridge, but only with the iron 
sludge in the latter experiment. Copper concentration in corn grain was 
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highest with the high rate of calcium sludge at Cambridge but not affected 
by treatment at Elora (Table 66). 

Copper concentrations in ryegrass and corn stover for the 
period 1973 to 1976 from selected treatments are presented in (Tables 7^ 
and 75). There does not appear to be any increase in copper concentration 
in the three crops from year to year even with the highest rate of sludge 
appl icat ion. 

Nickel concentration in bromegrass was greater with high rates 
of aluminum sludge than with other treatments (Table 76) but in the corn 
stover from Cambridge it was highest with the calcium sludge (Table 27). 
Corn grain nickel concentrations were not affected by treatment, (Table 
66). 

Lead concentration in the bromegrass appeared to be slightly 
higher with high rates of calcium sludge (Table 78). 

Zinc concentration in bromegrass and in corn stover in both 
trials increased with increasing rates of application of all three 
sludges (Tables 79, 80 and 81). In the bromegrass and in the corn stover 
from Cambridge, zinc concentration was also increased, but to a lesser 
extent, by ammonium nitrate. The calcium sludge increased zinc concentra- 
tion less than the aluminum and iron sludges in the corn stover, but the 
calcium and aluminum sludges produced similar results in the bromegrass. 
There appeared to be some influence of aluminum and iron sludge on the zinc 
concentration in corn grain from Elora (Table 66). 

Zinc concentrations in ryegrass and corn stover for the period 
1973 to 1976 from selected treatments are presented in Tables 82 and 83. 
There does not appear to be any increase in zinc concentration in the 
bromegrass from year to year, and the corn stover data from Cambridge are 
quite variable so that it is difficult to determine if there is a pattern. 
There appears to be an increase in zinc concentration in the Elora corn 
stover from year to year, however, with all three sludges applied at the 
1600 kg N/ha rate. 

Molybdenum concentration in bromegrass was not affected by treat- 
ment (Table 8A) . In corn stover from both Elora and Cambridge, however, 
the molybdenum concentration was increased by the calcium sludge (Table 
85). This may be due to the higher soil pH resulting from the calcium 
si udge. 
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Selenium concentration in bromegrass and in corn grain from 
Elora appears to have been reduced by aluminum sludge (Tables 8*+ and 85) 
but was not affected by treatment in corn stover from either site or in 
corn grain from Cambridge. 

Mercury concentration in bromegrass and corn stover and grain 
was not affected by treatment (Tables 8*4 and 85}. 

Other nutrients and metal concentrations in corn stover which 
were not affected by treatment are presented in Table 86. 

k.k Soil Nutrients and Metals Extracted With Aqua Regia and NTA 

In April of 1976, before sludge addition, soils in the brome- 
grass experiment were systematically sampled at 0-2, 2-^ and *+-6 inch 
depths (0-5, 5~10 and 10-15 cm). Sixteen cores were taken with a soil 
sampling tube from each experimental plot and were thoroughly mixed before 
subsampl ing and analysis. The corn trials at Elora and Cambridge were 
ploughed and tilled, so were only sampled at the 0-6 inch (0-15 cm) depth. 

Aqua regia was used to extract nutrients and metals from these 
samples. "Plant available" cadmium, nickel and zinc were also extracted 
from these samples with NTA (ni tri lotriacetic acid, 25 m M at pH 6.0). 

The object of this part of the investigation was to determine 
whether the nutrients and metals applied over the three previous years 
could be recovered, and to determine the extent to which the metals moved 
downward in the soil. 

k.k.] Bromegrass experiment 

Phosphorus recovery in aqua regia was approximately 100% of 
that applied (Table 87). Only with the Ca-sludge was there any evidence 
of P movement below 2 inches (5 cm). 

Ca 1 c i urn recovery was erratic (Table 88), but over 100% in the 
two treatments supplying the most Ca. Calcium appears to have moved at 
least as far down as the ^-6 inch (10-15 cm) depth with the Ca sludge but 
movement was not detected with the lower rates of Ca supplied by the 
other two sludges. 

Aluminum and i ron recovery was erratic (Tables 89 and 90), 
probably due to the small amount of added aluminum and iron in relation 
to amounts originally present in the soil. There was no evidence of alum- 
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inum or iron movement. The fraction of Fe and A1 extracted with aqua 
regia is probably appreciably less than the total content in the soil. 

Manganese in the aqua regia extract was no higher from the 
sludge treated soil than from soil receiving NH.NO- (Table 91). 

Cadmjjjm applied in the sludge was recovered in the aqua regia 
extract to a variable extent (Table 92). About half as much cadmium was 
extracted with NTA as with aqua regia (Table 93) but there was a tendency 
for NTA to extract a larger fraction of aqua regta soluble Cd on the soil 
which did not receive sewage sludge. There appears to have been some 
movement of cadmium down as far as the 4-6 inch (10-15 cm) soil layer, 
and a portion of this cadmium is soluble in NTA and hence probably avail- 
able to plants. 

Chromium recovery in the aqua regia extract was very variable 
(Table 94). With the Al -sludge chromium appears to have moved into the 

4-6 inch (10-15 cm) soil layer. 

Copper a ppl ied in the sludge was recovered in the aqua regia 
extract to a variable extent (Table 95). There is some evidence of 
copper movement into the 2-4 inch (5-10 cm) soil layer with two of the 
three sludges. 

Lead applied in the sludges was recovered in the aqua regia 
extracts (Table 96). There is some evidence of lead movement into the 2 
to 4 inch (5-10 cm) soil layer and perhaps into the 4 to 6 inch (10-15 

cm) soil layer. 

Nickel recovery in the aqua regia extract was very variable 
(Table 97). There was no indication of metal movement from the aqua regia 
data, but it appears from the NTA extractable nickel (Table 98) that there 
may have been some movement into the 2-4 inch (10-15 cm) layer. A larger 
fraction of the aqua regia-extractable nickel was NTA-extractable in the 
sludge treated plots than in those receiving NH^NO.. The opposite 
was true with cadmium. 

Zinc recovery in aqua regia was relatively consistent across 
the three sludges but was over 100%. There is some evidence of zinc 
movement into the 2-4 inch (10-15 cm) soil layer but this trend was not 
significant statistically (Table 99). As with nickel, a larger fraction 
of the aqua regia extractable soil zinc was NTA extractable in the sludge 
treatments than in those receiving NH^NO-. 
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Mercury recovery in the aqua regia extract (Table 101) was well 
under 100%, and it seems probable that some losses occurred due to volati- 
lization or leaching. Mercury moved into the k-6 inch (10-15 cm) layer 
where the Fe-sludge was applied, and to a lesser extent with the other two 
sludges. 

Recovery of metals and nutrients with aqua regia was rather 
erratic in most cases, and there appear to be several causes for the poor 
measure of recovery. Some metals such as aluminum and iron may not have 
been brought into solution by the aqua regia. In some cases the metal 
extractions were quite reproducible on the NH.NO treatments but very 
erratic on the treatments receiving high rates of sewage sludge. This 
occurred chiefly where the sludge treatments produced much higher readings 
than the NH.NO treatment and where there was little indication of 
metal movement in the soil. It is believed that in these cases the metal 
from sludge was not uniformly distributed in the soil, and that insuffici- 
ent soil samples were taken to obtain a good measure of the metal content 
of treatments receiving high rates of sludge. In some cases the amounts 
of metal added were small in relation to the total amount in the soil 
leading to poor precision in measuring recovery of the applied metal. 

With the possible exception of mercury it does not appear that 
the metals and nutrients studied have moved below the 6 inch (15 cm) soil 
depth in this study. 

k.k.2 Corn trials 

Metals extracted from the 0-6" soil layer sampled in April, 
1976, in the Elora and Cambridge corn experiments are presented in Tables 
102 and 103. As discussed regarding the bromegrass experiment, the agree- 
ment between amounts of metals add^d to the soils and amounts extracted by 
aqua regia is not very good. A large part of the problem is believed to be 
that of obtaining a representative sample of field plots which have recei- 
ved high rates of sludge application. 

NTA-extractable soil cadmium, nickel and zinc from Elora and 
Cambridge corn trials are presented in Table 104. Over half of the aqua 
regia-extractable Cd was extractable with NTA. The proportion of the 
aqua regia-extractable Ni extracted with NTA was much lower, about 10 to 
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20%. About 20 to 60% of the amount of aqua regia-extractable zinc was 
extracted with NTA, the higher figure being with the largest additions of 
zinc in sewage sludge. 

It is not intended to measure soil metals each year in these 
trials. It is obvious, however, that when metal content is measured 
considerably more detailed sampling will be required on the sludge 
treated plots. 
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TABLE 13. Chemical Composition of Sludges Obtained from Treatment Plants on Various Dates (fluid weight basis) 






SI udge 


Load" 
No. 


Treatment 
Plant 


Date 


PH 


D.M. 


Total 
N 


Sol. s 

Exch. 

NH^-N 


P 


K 


Ca 


Mg 


Na 


Al 


Fe 


Ca lei urn 


1 


Newmarket"" 


14/4/76 


7.2 


2.71 


0.14 


0.040 


0.06 


0.01 


— % - 
0.26 


0.02 


0.014 


0.009 


0. 11 




2 


Midland 


14/5/76 


7.5 


2.75 


0.06 


0.014 


0.05 


0.005 


O.36 


0.03 


0.008 


0.030 


0.033 




3 


Midland 


15/6/76 


7.4 


11.2 


0.10 


0.019 


0.21 


0.007 


1.98 


0.14 


0.027 


0.085 


0.096 




4 


Midland 


21/7/76 


7.4 


7.83 


0.10 


0.015 


0.15 


0.007 


1.62 


0.083 


0.008 


0.056 


0.071 


Aluminum 


5 


Guelph 


1 6/4/76 


7.5 


3.50 


0.17 


0.06 


0.12 


0.01 


0.28 


0.02 


0.015 


0.11 


0.10 




6 


Guelph 


22/4/76 


7.3 


5.22 


0.23 


0.08 


0.18 


0.01 


0.33 


0.03 


0.017 


0.21 


0.16 




7 


Guelph 


14/6/76 


7.7 


3.70 


0.15 


0.05 


0.13 


0.009 


0.24 


0.03 


0.021 


0.15 


0.11 




8 


Guel ph 


21/7/76 


7.5 


1.99 


0.10 


0.02 


0.07 


0.01 


0.13 


0.01 


0.011 


0.06 


0.04 


1 ron 


9 


N. Toronto 


13/4/76 


7.3 


4.98 


0.28 


0.08 


0.19 


0.02 


0.24 


0.03 


0.017 


0.033 


0.36 




10 


N. Toronto 


21/4/76 


7.5 


4.50 


0.27 


0.10 


0.19 


0.02 


0.24 


0.03 


0.016 


0.028 


0.32 




11 


N. Toronto 


14/6/76 


7.4 


5.59 


0.27 


0.10 


0.22 


0.016 


0.22 


0.04 


0.022 


0.062 


0.39 




12 


N. Toronto 


21/7/76 


7.5 


3.28 


0.18 


0.05 


0.13 


0.02 


0.13 


0.016 


0.007 


0.034 


0.13 



Loads number 1, 5 6 9 were used on the 1st 1976 application to the bromegrass trial and to the Elora corn 
trial. 

Loads number 2, 6 S 10 were used on the Cambridge corn trial. 

Loads number 3, 7 5 1 1 were used on the 2nd 1 976 application to the bromegrass trial. 

Loads number 4, 8 and 12 were used on the 3rd 1976 application to the bromegrass trial. 

Ferric chloride treatment. 



TABLE 13 (Cont'd) 





Sludge 


Treatment 
Plant 


Date 


Cd 


Cr 


Cu 


Mn 


Mo 


Ni 


Pb 


Zn 


Hg 


Se 


B 


































Ca lei um 


Newmarket 
Midland 
Midland 
Midland 


1W76 

14/5/76 

15/6/76 
21/7/76 


0.37 
0.17 
0.50 
0.33 


3.5 
37 
78 
45 


16.3 
19.3 
39.0 
22.7 


21.9 

8.3 

28.0 

17.6 


0.53 
0.46 
2.78 
0.65 


ug/g 

0.54 
66 
238 
143 


19.2 
12.5 
39.2 

13.7 


92 

61 

162 

108 


0.14 
0.24 
0.86 
0.61 


0.15 
0.04 

0.11 

0.08 


0.60 
1.07 
2.58 
1.88 


O 


Al uminum 


Guelph 
Guelph 
Guel ph 
Guelph 


16 A/76 
24/4/76 
14/6/76 
21/7/76 


2.72 
4.45 
3.33 
1.45 


58 
94 

69 
28 


77 

125 

84 

29 


10.2 

12.5 

10.0 

4.1 


1.55 
2.32 
1.67 
0.87 


3.0 
4.7 
3.1 
1.5 


49 
89 
62 

25 


161 

253 

204 

72 


0.22 
0.49 
0.27 
0.13 


0.14 
0.16 
0.14 
0.08 


0.77 
1.04 
0.96 
0.58 




1 ron 


N. Toronto 
N. Toronto 
N. Toronto 
N. Toronto 


13A/76 
21/4/76 
14/6/76 
21/7/76 


1.11 
1.08 
1.26 
0.69 


23 
21 
34 
14 


72 
68 
76 
26 


22.9 
21.2 

22.5 
12.6 


1.65 
1.75 
2.78 

1.33 


1.49 
1.35 
0.98 
0.66 


105 

99 

108 

49 


197 

171 

196 

89 


1.08 
1.10 
1.12 
0.61 


N.Dt 
N.D 
N.D 
N.D. 


0.65 
0.81 
0.95 
0.52 



t Not detected (<2ppb) 



TABLE 14. Total Amounts of Various Constituents in Sludges Added to Bromegrass Experiment in 

First Application and Total of Three Applications at 200 kg N/ha/annum. Elora, 1976. 



V>J 



Constituent 


Ca-s 1 udge 




Al -si udge 




Fe-s 1 udge 






1st Appl icat ion 


Total 


1st Appl icat ion 


Total 


1st Appl ication 


Total 






























Dry matter 


1,290 


14,000 


1,373 


4,344 


1,186 


3,780 


Total N 


66.7 


200 


66.7 


200 


66.7 


200 


Soluble S Exch. 

NhyN 


19 


42 


24 


57 


19 


63 


p 


29 


269 


47 


152 


45 


148 


K 


4.8 


14.2 


3.9 


14.6 


4.8 


16.1 


Ca 


124 


2,524 


110 


301 


57 


160 


Mg 


9.5 


156 


7.8 


27.4 


7.1 


22.4 


Na 


6.7 


30 


5.9 


22.5 


4.1 


12.2 


Al 


4.3 


98 


43 


151 


7.9 


36 


Fe 


52 


163 


38 


111 


85.5 


230 


Mn 


1.0 


7.8 


0.40 


1.11 


0.55 


1.57 


Cd 


0.018 


0.07 


0.11 


0.35 


0.026 


0.083 


Cr 


0.17 


8.4 


2.3 


7.2 


0.55 


1.93 


Cu 


0.78 


4.9 


3.0 


8.7 


1.7 


4.6 


Mo 


0.025 


0.25 


0.06 


0.19 


0.039 


0. 16 


Ni 


0.026 


25.4 


0.12 


0.36 


0.035 


0.083 


Pb 


0.91 


4.4 


1.9 


6.3 


2.5 


7.0 


Zn 


4.4 


22.4 


6.3 


20.2 


4.7 


12.8 


Hg 


0.007 


0.11 


0.009 


0.030 


0.026 


0.077 


Se 


0.007 


0.02 


0.005 


0.017 


<0.0002 


<0.0006 


B 


0.029 


0.33 


0.030 


0.112 


0.015 


0.058 



TABLE 15. Total Amounts of Various Constituents Applied to Bromegrass 
Experiment in Sludges at 178 lb N/ac (200 kg N/ha), 1973 to 
1976 Inclusive. 



Constituents Calcium Sludge Aluminum Sludge 1 ron Sludge 

lb/ac (kg/ha) lb/ac (kg/ha) Ib/ac (kg/ha) 

Dry matter 41,700 46,800 16,700 18,700 15,000 16,800 

Total N 714 800 714 800 714 800 



171 192 244 273 229 257 



Soluble & Exch. 

NhyN 

P 2 1,350 1,300 1,540 

P *' 660 632 749 

K 2 71 65 73 

K 

Ca 



Na 

Al 

Fe 

Mn 

Cd 

Cr 

Cu 

Ni 

Pb 

Zn 

Mo 

Hg 

Se 





66 




60 




68 


8,460 9, 


,480 


946 1 


,060 


615 


690 


288 


323 


110 


124 


102 


114 


98 


110 


88 


99 


41 


46 


178 


199 


767 


860 


208 


233 


351 


394 


201 


225 


798 


895 


19.9 


21.4 


3.1 


3.5 


6.3 


7.1 


0.18 


0.20 


0.42 


0.47 


0.31 


0.35 


8.4 


9-4 


65 


73 


6.7 


7.5 


10.8 


12.1 


16.1 


18.1 


20.4 


22.9 


23.3 


26.1 


3.4 


3.8 


0.52 


0.58 


7.3 


8.2 


10.2 


11.4 


26.6 


29.8 


44 


49 


59 


66 


46 


52 


0.23 


0.26 


0.18 


0.20 


0.25 


0.28 


0.16 


0.18 


0.06 


0.07 


0.30 


0.34 


0.029 


0.032 


0.061 


0.068 


<0.00l 


<0.00 


0.96 


1.06 


0.46 


0.52 


0.36 


0.40 
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TABLE 16. Amounts of Various Constituents Added in Sludges in 1 976 
at 178 lb N/ac (200 kg N/ha) to Corn Experiment at Elora. 





Ca-sl 


udge 


Al-sl 


udge 


Fe-sludge 








lb/ac 


(kg/ha) 






Solids 


3^53 


(3871) 


3673 


(4118) 


3176 


(3557) 


Total N 


178 


(200) 


178 


(200) 


178 


(200) 


Soluble + 
Exch NH^-N 


51 


(57) 


63 


(71) 


51 


(57) 


P 
2 5 


185 




303 




278 




*- • 

P 




(86) 




(141) 




(136) 


K 2 


15 




13 




15.4 




K 




(14) 




(12) 




(14) 


Ca 


331 


(371) 


293 


(329) 


153 


(171) 


Mg 


26 


(29) 


21 


(24) 


19 


(21) 


Na 


18 


(20) 


16 


(18) 


11 


(12) 


Al 


11.6 


(13) 


115 


(129) 


21.5 


(24) 


Fe 


140 


(157) 


105 


(118) 


229 


(257) 


Mn 


2.8 


(3-D 


1.1 


(1.2) 


1.5 


(1.64) 


Cd 


0.045 


(0.05) 


0.29 


(0.32) 


0.07 


(0.08) 


Cr 


0.45 


(0.50) 


6.1 


(6.8) 


1.46 


(1.64) 


Cu 


2.08 


(2.33) 


8.1 


(9.1) 


4.6 


(5.14) 


Ni 


0.07 


(0.08) 


0.31 


(0.35) 


0.10 


(0.11) 


Pb 


2.44 


(2.74) 


5.2 


(5.8) 


6.7 


(7.5) 


Zn 


11.7 


(13.1) 


17 


(19) 


13.0 


(14.1) 


B 


0.08 


(0.09) 


0.08 


(0.09) 


0.04 


(0.05) 


Hg 


0.018 


(0.02) 


0.023 


(0.026) 


0.071 


(0.077) 


Se 


0.019 


(0.021) 


0.014 


(0.016) 


<0.0002 


(<0.0002) 


Mo 


0.07 


(0.08) 


0.16 


(0.18) 


0.11 


(0.12) 
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TABLE 17. Total Amounts of Various Nutrients and Metals Added to Elora 
Corn Experiment by Annual Application of Various Sludges at 
178 lb N/ac (200 kg N/ha) from 1973 to 1976. 





Ca-sl 


udge 


Al-s 
lb/ac 


1 udge 
(kg/ha) 


Fe-s 


ludge 


Solids 


32,600 


(36,600) 


15,900 


(17,800) 


14,900 


(16,700) 


Total N 


712 


(800) 


712 


(800) 


712 


(800) 


Soluble £ 


237 


(266) 


264 


(297) 


229 


(257) 


exch. NH^-N 














P 

25 

P 


880 




13 00 




1516 






(425) 




(626) 




(740) 


K 2 

K 


94 




57 




74 






(88) 




(54) 




(69) 


Ca 


6,490 


(7,290) 


801 


(900) 


598 


(671) 


Mg 


185 


(208) 


107 


(121) 


97 


(109) 


Na 


66 


(7*) 


63 


(71) 


46 


(51) 


Al 


126 


(1^1) 


565 


(635) 


145 


(162) 


Fe 


374 


(420) 


165 


(185) 


962 


(1080) 


Mn 


15 


(16) 


3.2 


(3.6) 


6.5 


(7.2) 


Cd 


0.12 


(0.13) 


0.37 


(0.42) 


0.34 


(0.38) 


Cr 


1.32 


(1.48) 


58 


(65) 


6.2 


(6.9) 


Cu 


7.1 


(7-9) 


16.2 


(18.2) 


21.6 


(23) 


Ni 


0.91 


(1.02) 


2.8 


(3.2) 


0.46 


(0.51) 


Pb 


6.1 


(6.9) 


9.0 


(10.1) 


28 


(31.5) 


Zn 


36 


(40) 


51 


(57) 


47 


(52) 


B 


0.36 


(0.38) 


0.19 


(0.2?) 


0.32 


(0.36) 


Hg 


0.068 


(0.08) 


0.063 


(0.07) 


0.30 


(0.34) 


Mo 


0.22 


(0.25) 


0.30 


(0.34) 


0.47 


(0.52) 


Se 


0.022 


(0.024! 


) 0.032 


(0.036) 


0.001 


(0.001) 
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TABLE 18. Amounts of Various Constituents Added in Sludges in 1976 at 
178 lb N/ac (200 kg N/ha) to Corn Experiment at Cambridge. 





Ca-sl 


udge 


Al-« 
lb/ac 


sludge 
(kg/ha) 


Fe-s 


ludge 


Solids 


8,177 


(9,167) 


4,049 


(4,539) 


2,976 


(3,333) 


Total N 


178 


(200) 


178 


(200) 


178 


(200) 


Soluble + 














Exch NH^-N 


42 


m 


68 


(76) 


66 


(74) 


P 

25 


359 




338 




303 




P 




(167) 




(157) 




(141) 


K 2 


18 




9.4 




16 




K 




(17) 




(8.7) 




(15) 


Ca 


1,070 


(1,200) 


256 


(287) 


159 


(178) 


Mg 


89 


(100) 


23 


(26) 


20 


(22) 


Na 


24 


(27) 


13 


(15) 


11 


(12) 


Al 


89 


(100) 


163 


(183) 


19 


(21) 


Fe 


98 


(110) 


124 


(139) 


212 


(237) 


Mn 


2.5 


(2.8) 


1.0 


(1.1) 


1.4 


(1.6) 


Cd 


0.05 


(0.06) 


0.35 


(0.39) 


0.07 


(0.08) 


Cr 


11.0 


(12.3) 


7.3 


(8.2) 


1.4 


(1.6) 


Cu 


5.7 


(6. A) 


9.7 


(10.9) 


4.5 


(5.0) 


Ni 


20 


(22) 


0.37 


(0.41) 


0.09 


(0.10) 


Pb 


3.7 


(4,2) 


6.9 


(7.7) 


6.5 


(7.3) 


Zn 


18 


(20) 


20 


(22) 


11.3 


(12.7) 


B 


0.32 


(0.36) 


0.08 


(0.09) 


0.05 


(0.06) 


Hg 


0.07 


(0.08) 


0.038 


(0.43) 


0.072 


(0.081) 


Se 


0.012 


(0.013) 


0.012 


(0.013) 


<0.0002 


(<0.0002) 


Mo 


0.13 


(0.15) 


0.18 


(0.20) 


0.12 


(0.13) 



TABLE 19. Total Amounts of Various Nutrients and Metals Added to 

Cambridge Corn Experiment by Annual Application of Various 
Sludges at 178 lb N/ac (200 kg N/ha) from 1973 to 1976. 





Ca-s 


udge 


Al-sl 
lb/ac 


udge 
(kg/ha) 


Fe-sl 


udge 


Sol ids 


45,000 


(50,500) 


17,400 


(19,500) 


14,900 


(16,700) 


Total N 


714 


(800) 


714 


(800) 


714 


(800) 


Soluble & 














exch. NM.-M 


178 


(199) 


260 


(291) 


250 


(280) 


P 2°5 
p 


1,116 




1,305 




1,561 






(565) 




(638) 




(762) 


K0 


79 




46.5 




66 




Mm 

K 




(74) 




(44) 




(62) 


Ca 


9,285 


(10,400) 


946 


(1,060) 


570 


(638) 


Mg 


221 


(248) 


121 


(135) 


102 


(114) 


Na 


73 


(82) 


62 


(69) 


50 


(56) 


Al 


187 


(210) 


1 ,402 


(1,570) 


164 


(184) 


Fe 


296 


(332) 


257 


(288) 


946 


(1,060) 


Mn 


16 


(18) 


3.3 


(3.7) 


6.6 


(7.4) 


Cd 


0.21 


(0.23) 


0.49 


(0.55) 


0.30 


(0.34) 


Cr 


12.7 


(14.2) 


71 


(80) 


13.0 


(14.6) 


Cu 


12.2 


(13.7) 


18 


(20.2) 


20.5 


(23) 


Ni 


20.6 


(23.1) 


3.6 


(4.0) 


0.89 


(1.0) 


Pb 


8.5 


(9.5) 


11.5 


(12.9) 


25.3 


(28.3) 


Zn 


45 


(50) 


61 


(68) 


49 


(55) 


B 


0.58 


(0.65) 


0.38 


(0.43) 


0.22 


(0.25) 


Hg 


0.13 


(0.15) 


0.07 


(0.08) 


0.26 


(0.29) 


Mo 


0.29 


(0.32) 


0.32 


(0.36) 


0.69 


(0.77) 


Se 


0.014 


(0.016) 


0.030 


(0.034) 


<0.001 


(<0.001) 
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TABLE 20. Dates of Sludge and Nitrogen Fertilizer Application and 
Forage Harvest. Bromegrass Experiment at Elora, 1976. 



Operation 




Cut 1 


Cut 2 


Cut 3 


NH i4 N0 3 


Addi t ion 


April 13 


June 17 


July 22 


Ca-sludge 


Addi tion 


April }k 


June 16 


July 22 


Al-sludge 


Addi tion 


April 16 


June 15 


July 22 


Fe-sludge 


Add i ton 


April 13 


June 15 


July 22 



Harvest 



June 9 



July 21 



Sept. 3 
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TABLE 21. Field Operations on Rate and Source of Sludge Experiments 
with Corn, 1976. 



Treatment or Description Elora Cambridge 

Soil Cones toga loam Caledon loamy sand 

Plowed April 12 April 9 

Calcium sludge applied April 14 May 12 and 14 

Iron sludge applied April 13 April 21 

Alum sludge applied April 16 and 17 April 22 

Phosphate applied to ammonium nitrate plots and disked in before seeding 

104 lb P.O./ac No phosphate 

(50 kg P/ha) required 

Potassium applied to all treatments and disked in before seeding 

97 lb K 2 0/ac 43 lb K 2 0/ac 

(90 kg K/ha) (40 kg K/ha) 



Seeding May 13 May 22 

(60 lb of 6-18-6 liquid fertilizer per acre banded with seed on all treatments) 

Emerged plants counted June 7 Ju ne 18 

Thinning and sampling* June 17 June 18 
of seedl i ngs 

Silk and final stand counts August 4 August 3 

Final stand (plants/ac) 23,000 16,000 

Plant height to flag leaf August 24 August 25 
measurement 

Count of lodged plants October 8 September 23 

Grain harvested October 8 September 23 

Stover harvested October 28 October 21 



* Five to seven leaf stage 
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TABLE 22. Dry Matter Yield of First Cut (June 9), Bromegrass. Elora, 1976 





N i trogen 

Rate 

lb/ac (kg/ha) 




Nitrogen Source 






Sludge 




Ammonium Ni trate 


Calcium Sludge 


Aluminum Sludge 


1 ron 


Sludge 


Average 








lb/ac 


(kg/ha) 










(0) 


1730 (1940) a 














89 (100) 


3630 (4070) be 














178 (200) 


4040 (4530) bed 


4240 (4750) bede 


3480 (3900) b 


4070 


(4560) bed 


3930 (4400) 




356 (400) 


4520 (5070) cdef 


5040 (5650) ef 


4860 (5450) def 


4210 


(4710) bede 


4700 (5270) 


OJ 


712 (800) 




4650 (5210) def 


4420 (4960) cdef 


4500 


(5050) cdef 


4520 (5070) 




1424 (1600) 




4190 (4700) bede 


5110 (5720) ef 


5180 


(5810) f 


4830 (5410) 




Average 




4530 (5080) 


4470 (5010) 


4490 


(5030) 


4490 (5040) 



c.v. = ii. rt 

Individual treatments not followed by a common letter are significantly different at 0.05 probability 
by Duncan's Multiple Range Test. 



Rates of sludge are significantly different at 0.01 probability and the source-rate interaction at 
0.05 probability by "F" test. 



TABLE 23. Dry Matter Yield of Second Cut (July 21), Bromegrass . Elora, 1976. 



Ni trogen 




Nitrogen Source 






SI udge 


Rate 

lb/ac (kg/ha) 


Ammonium Nitrate 


Calcium Sludge Aluminum Sludge 


1 ron 


Sludge 


Average 






lb/ac (kg/ha) 








(0) 


740 (820) a 










89 (100) 


1500 (1680) bcde 










178 (200) 


1390 (1550) bed 


1280 (1430) b 1350 (1510) bed 


1730 


(1930) e 


1450 (1630) 


356 (400) 


1350 (1510) be 


1590 (1780) bcde 1590 (1790) cde 


1660 


(i860) de 


1610 (1810) 


712 (800) 




1530 (1720) bcde 1560 (1750) bcde 


1350 


(1520) bed 


1480 (1660) 


1424 (1600) 




1700 (1910) e 1640 (1840) cde 


1520 


(1700) bcde 


1620 (1820) 


Average 




1530 (1710) 1540 (1720) 


1560 


(1750) 


1540 (1730) 



C.V. = 10.8% 

Individual treatments not followed by a common letter are significantly different at 0.05 probability 
by Duncan's Multiple Range Test. 

The sludge source-rate interaction is significant at 0.05 probability by "F" test. 



TABLE 24. Dry Matter Yield of Third Cut (September 3), Bromegrass. Elora, 1976. 



Ni trogen 




Ni trogen 


i Source 




Sludge 


Rate 

Ib/ac (kg/ha) 


Ammonium Nitrate 


Calci urn SI udge 


Aluminum Sludge 


Iron Sludge 


Average 






Ib/ac 


(kg/ha) 






(0) 


270 (310) a 










89 (100) 


^90 (550) abed 










178 (200) 


590 (660) abed 


780 (880) d 


520 (580) abed 


460 (510) abc 


590 (660) 


356 (400) 


500 (560) abed 


690 (770) bed 


560 (620) abed 


400 (450) ab 


550 (620) 


712 (800) 




620 (700) bed 


460 (510) abed 


740 (830) cd 


610 (680) 


1424 (1600) 




560 (630) abed 


370 (410) ab 


500 (560) abed 


470 (530) 


Average 




660 (740) 


480 (530) 


530 (590) 


550 (620) 


c.v. = 31.3* 













Individual treatments not followed by a common letter are significantly different at 0.05 probability 
by Duncan's Multiple Range Test. 

Source of sludge is significant at 0.05 probability level by 'F' test. 



TABLE 25. Total Dry Matter Yield of Bromegrass (Three Cuts). Elora, 1976. 





N i trogen 

Rate 

lb/ac (kg/ha) 




Nitrogen Source 








S 1 udge 




Ammonium Nitrate 


Calcium Sludge 


Aluminum Sludge 


1 ron 


SI udge 




Average 










lb/ac 


(kg/ha) 















(0) 


2740 (3070) a 
















89 


(100) 


5620 (6300) be 
















178 


(200) 


6020 (6750) bed 


6300 (7070) bede 


5350 (6000) b 


6250 


(7000) 


bede 


5970 (6690) 




356 


(400) 


6370 (71^0) cdef 


7320 (8200) f 


7010 (7860) def 


6270 


(7030) 


bede 


6870 (7700) 




712 


(800) 




6800 (7620) def 


6440 (7210) cdef 


6600 


(7400) 


cde 


6610 (7410) 


-c- 


\kzk 


(1600) 




6*450 (7230) cdef 


7120 (7980) ef 


7200 


(8070) 


ef 


6920 (7760) 




Avera 


ge 




6720 (7530) 


6480 (7260) 


6580 


(7370) 




6590 (7390) 



C.V. = 8.4% 

Individual treatments not followed by a common letter are significantly different at 0.05 probability 
by Duncan's Multiple Range Test. 



Rates of sludge are significantly different at 0.01 probability and the source-rate interaction at 
0.05 probability by "F" test. 



TABLE 26. Annual Dry Matter Yield of Bromegrass (Three Cuts). Elora, 1975- 





Nitrogen 

Rate 
lb/ac (kg/ha) 




Nitrogen Source 








Ammonium 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


Iron 
Sludge 


Sludge 
Average 












lb/ac (kg/ha) 











(0) 


1497(1679) h * 












89 


(100) 


4465(5005) fg 












178 


(200) 


5591(6268) de 


3764(4220) 8 


4974(5576) ef 


5007(5614) ef 


4582(5136) 




356 


(400) 


6065(6799) cd 


5620(6301) de 


6675(7483) bc 


6441(7220) bc 


6245(7001) 




712 


(800) 




7088(7947) ab 


7148(8013) ab 


6972(7816) ab 


7069(7925) 




1424 


(1600) 




7544(8458) a 


6853(7683) ab 


7232(8108) ab 


7210(8083) 




Average 




4405(4938) 


6004(6731) 


6412(7189) 


6413(7189) 


6276(7036) 



C.V. = 7.8% 

*individual treatments not followed by a common letter are significantly different at 0.05 probability. 

Level of significance of various effects by "F" test. 

Sources of sludge N.S. 

Rates of sludge 0.01 

Sludge x rate interaction 0.05 

Rates of ammonium nitrate 0.01 



TABLE 27. Annual Dry Matter Yield of Bromegrass (Three Cuts). Elora, 1 97^ - 






Nitrog 


en 
(kg/ ha) 






Nitrogen Source 






Rate 
lb/ac 


Ammonium 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


Iron 
Sludge 


Sludge 
Average 








dry matter 


- lb/ac (kg/ha) 









(0) 


890 (990) a * 










89 


(100) 


2750 (3080) bc 










178 


(200) 


4120 (4620)° f 


2160 (2420) b 


3220 (3600)° d 


3060 (3430) cd 


2810 (3150) 


356 


(400) 


6030 (6750) h 


3650 (4090) de 


4820 (5410) 8 


4770 (5340) fg 


4410 (4950) 


712 


(800) 




6340 (7100) h 


6060 (6790) h 


6240 (6990) h 


6210 (6960) 


1424 


(1600) 




6990 (7840) 1 


6150 (6896) h 


5960 (6680) h 


6370 (7140) 


Averag 


;e** 




4790 (5360) 


5060 (5680) 


5010 (5610) 


4950 (5 550) 



* Individual treatment means not followed by a common letter are significantly different at 0.05 probability. 
Rates of sludge and of ammonium nitrate are significantly different at 0.01 probability by "F" test. 
Source x rate interaction is significant at 0.01 probability level. 



TABLE 28. Effect of Rate and Source of Nitrogen on Corn Stover Yield from Elora, 1976. 



Nitrogen Rate 
lb/ac (kg/ha) 



Nitrogen Source 



Ammonium Nitrate Calcium Sludge Aluminum Sludge Iron Sludge 









(0) 


2930 


(3290) 


b* 


89 


(100) 


3620 


(4060) 


ab 


178 


(200) 


3020 


(3380) 


ab 


356 


(400) 


2890 


(3240) 


b 


712 


(800) 








klk 


(1600) 









lb/ac (kg/ha) 



3640 (4070) ab 3230 (3610) ab 

2960 (3320) b 2950 (3310) b 

3250 (3640) ab 3130 (3500) ab 

3100 (3470) ab 3270 (3660) ab 



3320 (3720) ab 

2910 (3260) b 

3760 (4210) a 

3280 (3680) ab 



Sludge 
Average 



3400 (3800) 

2940 (3300) 

3380 (3780) 

3220 (3600) 



Average 



3240 (3630) 



3140 (3520) 



3320 (3720) 



3230 (3620) 



* Individual treatments followed by a common letter are not significantly different at 0.05 
probability by Duncan's Multiple Range Test. 

There were no significant differences between treatment effects by 'F' test. 

C.V. = m 



TABLE 29. Effect of Rate and Source of Nitrogen on Corn Stover Yield from Cambridge, 1976. 



-t- 

(X* 



Nitrogen Rate 



N i t rogen Source 



Ib/ac (kg/ha) Ammoni urn Ni trate Calcium Sludge Aluminum Sludge Iron Sludge 






(0) 


2650 


(2970) 


89 


(100) 


2660 


(2980) 


178 


(200) 


2580 


(2890) 


356 


(400) 


2530 


(2830) 


712 


(800) 






1424 


(1600) 







lb/ac (kg/ha) 



2570 (2880) 

2610 (2920) 

2570 (2880) 

2580 (2890) 



2550 (2850) 

2550 (2850) 

2370 (2660) 

2550 (2850) 



2690 (3010) 

29*40 (3290) 

2430 (2720) 

2490 (2790) 



S 1 udge 
Average 



2600 (2910) 

2700 (3020) 

2460 (2750) 

2540 (2840) 



Average 



2580 (2890) 



* There were no treatment differences. 



2500 (2800) 



2640 (2950) 



2570 (2880) 



C.V. = 14% 



TABLE 30. Effect of Rate and Source of Nitrogen on Corn Grain Yield from Elora, 1976. 



Nitrogen Rate 




Nitrogen Source 




SI udge 


lb/ac (kg/ha) 


Ammonium Nitrate 


Calcium Sludge Aluminum Sludge 


1 ron SI udge 


Average 





(0) 


5730 (6420) e* 




89 (100) 


6660 (7460) a-d 




178 (200) 


6160 (6900) c-e 




356 (400) 


6150 (6890) c-e 




712 (800) 




*- 


1*2* (1600) 





lb/ac (kg/ha) 



6290 (7050) b-e 

6050 (6770) d-e 

6500 (7280) a-e 

6380 (7150) a-e 



6740 (7540) a-d 

6330 (7080) b-e 

6920 (7750) abc 

6470 (7250) a-e 



6560 (7350) a-d 

6760 (7570) a-d 

7120 (7980) a 

7020 (7860) ab 



6530 (7320) 

6380 (7140) 

6850 (7670) 

6620 (7420) 



Average 



6310 (7060) 



6610 (7410) 



6890 (7690) 



Individual treatments not followed by a common letter are significantly different at 0.05 
probability level by Duncan's Multiple Range Test. 

Sources of sludge and rates of ammonium nitrate are significantly different at 0.05 
probability level by ' F 1 test. 



C.V. = 6.1* 



TABLE 31. Effect of Rate and Source of Nitrogen on Corn Grain Yield from Cambridge, 1976. 



oo 



Nitrogen Rate 




Nitrogen Source 








SI udge 


lb/ac (kg/ha) 


Ammonium Nitrate 


Cal ci urn SI udge 


Aluminum Sludge 


1 ron Sludge 


Average 






lb/ac 


(kg/ha) 










(0) 


4230 (4740) c* 














89 (100) 


5330 (5970) ab 














178 (200) 


5150 (5770) ab 


4990 (5590) ab 


5160 


(5780) ab 


5250 (5880) 


ab 


5130 (5750) 


356 (4f») 


4790 (5360) be 


5050 (5660) ab 


5050 


(5660) ab 


5030 (5640) 


ab 


5050 (5650) 


712 (800) 




5390 (6040) ab 


4980 


(5570) ab 


5180 (5800) 


ab 


5180 (5800) 


1424 (1600) 




5510 (6170) a 


5030 


(5630) ab 


5260 (5890) 


ab 


5260 (5900) 


Average 




5240 (5860) 


5050 


(5660) 


5180 (5800) 




5160 (5780) 



* Individual treatments not followed by a common letter are significantly different at 0.05 
probability level by Duncan's Multiple Range Test. 

Rates of ammonium nitrate are significantly different at 0.01 probability level by 'F' test. 
C.V. - 6.9% 



TABLE 32. Nitrogen Concentration in First Cut (June 9), Bromegrass. 
Elora, 1976. 



Nitrogen 




N i t rog 


en Source 




Sludge 


Rate 

lb/ac (kg/ha) 


Ammon i urn 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Average 






% N 








(0) 


1.68 a* 










89 (100) 


1.69 a 










178 (200) 


2.11 abc 


1.76 a 


1.73 a 


1.75 a 


1.75 


356 (400) 


2.64 de 


2.20 abed 


1.71 a 


2.04 ab 


1.98 


712 (800) 




2.50 bede 


2.59 cde 


2.58 cde 


2.56 


1424 (1600) 




2.79 e 


2.61 cde 


2.91 e 


2.77 


Average 




2.31 


2.16 


2.32 


2.26 



c.v. = \i% 

* Individual treatments not followed by a common letter are 

significantly different at 0.05 probability by Duncan's Multiple Range 
Test. 

Rates of sludge are significantly different at 0.01 probability by 
"F" test. 



TABLE 33. Nitrogen Concentration in Corn Stover at Harvest. Elora, 1976 



Nitro- 


gen 
(kg/ha) 




Ni trogen 


Source 




Sludge 


Rate 


Ammon i um 


Calcium 


Aluminum 


1 ron 


Average 


Ib/ac 


Nitrate 


Sludge 


Sludge 


Sludge 










% 


N 









(0) 


0.95 d* 










89 


(100) 


1.17 abc 










178 


(200) 


1.22 abc 


1.22 abc 


1.07 cd 


1.17 abc 


1.15 


356 


(J»00) 


1.28 a 


1.25 ab 


1.20 abc 


1.13 abc 


1.19 


712 


(800) 




1.15 abc 


1.12 be 


1.10 be 


1.12 


\kzk 


(1600) 




1.15 abc 


1.25 ab 


1.23 ab 


1.21 



Average 



1.19 1.16 1.16 1.17 



c.v. = 6.9* 

* Individual treatments not followed by a common letter are 

significantly different at 0.05 probability level by Duncan's 

Multiple Range Test. 

Rates of ammonium nitrate are significantly different at 0.01 
probability level by 'F' test. 
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TABLE 3*». Nitrogen Concentration in Corn Stover at Harvest. 
Cambridge, 1976. 



Nitrogen 




Ni trogen 


Source 




Sludge 


Rate 

lb/ac (kg/ha) 


Ammon i um 
Nitrate 


Calcium 
Sludge 


Aluminum 
S 1 udge 


1 ron 
Sludge 


Average 






% 


N 






(0) 


0.90 d* 










89 (100) 


1.32 ab 










178 (200) 


1.17 be 


1.08 cd 


1.22 abc 


1.20 abc 


1.17 


356 (*0D) 


1.27 abc 


1.27 abc 


1.23 abc 


1.05 cd 


1.18 


712 (800) 




1.23 abc 


1.23 abc 


1.25 abc 


1.24 


1*424 (1600) 




1.20 abc 


1.27 abc 


].k0 a 


1.29 



Average 1.20 1.24 1.23 1.22 

c.v. = 9.2% 

* Individual treatments not followed by a common letter are 
significantly different at 0.05 probability level by Duncan's 
Multiple Range Test. 

Rates of ammonium nitrate are significantly different at 0.01 
probability level by ' F ' test. 
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TABLE 35- Nutrient Content of Corn Grain, Elora and Cambridge, 1976. 



El ement 






Source of Ni trogen 




c.v. % 




Ammon ium Ni trate 


Calcium Sludge Alum Sludge 


Iron Sludge 










N rate - 1 b/ac (kg/ha) 








89 (100) 


356 (400) 


1424 (1600) 1424 (1600) 


1424 (1600) 










Elora 






N % 


1.93- 


1 .92 


1.92 1.93 


1.93 


3.5 


P % 


0.38 


0.36 


0.31 0.31 


O.33 


15 


K % 


0.40 


0.37 


0.36 0.1*0 
Cambr idge 


0.JJ, 


21 


N % 


1.95 


1.97 


2.02 2.08 


2.02 


3.8 


P % 


0.56 


0.60 


0.60 0.66 


0.54 


11 


K % 


0.54 


0.42 


0.40 0.50 


0.40 


20 



* None of the values presented in this table for individual elements are 

significantly different at 0.05 probability by Duncan's Multiple Range Test 
or by "F" test. 
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TABLE 36. Nitrate-N Content of First Cut (June 9), Bromegrass. 
Elora, 1976. 









Nitrogen Source 






N i t rog 


en 










Sludge 


Rate 


Ammon i urn 


Calcium 


A1 uminum 


1 ron 


Average 


lb/ac 


(kg/ha) 


Nitrate 


SI udge 


SI udge 


Sludge 







(0) 


100 a 


H9 NOy 


■N/g 






89 


(100) 


100 a 










178 


(200) 


240 a 


170 a 


100 a 


090 a 


120 


356 


(400) 


920 b 


150 a 


170 a 


260 a 


190 


712 


(800) 




1110 b 


1450 c 


1010 b 


1190 


1 42A 


(1600) 
le 




1520 cd 
740 


1490 cd 


1770 d 
780 


1590 


Averag 


800 


770 



C.V. = 24.5% 

Individual treatments not followed by a common letter are significantly 
different at 0.05 probability by Duncan's Multiple Range Test. 

Rates of sludge are significantly different at 0.01 probability by "F" 
test. Sludge source-rate interaction is significant at 0.05 probability 
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TABLE 37. Nitrate-N Concentration in Corn Stover at Harvest. 
Elora, 1976. 



Nitrogen 




Nitroc 


ien Source 




Sludge 


Rate 










Average 


lb/ac (kg/ha) 


Ammon i urn 


Calcium 


Aluminum 


Iron 






Nitrate 


Sludge 


Sludge 


Sludge 








pg N0 3 - 


•N/g 






(0) 


293 g* 


• 








89 (100) 


500 d-g 










178 (200) 


583 c-g 


470 e-g 


573 c-g 


417 fg 


487 


356 (400) 


627 b-f 


570 c-e 


687 a-f 


677 a-f 


644 


712 (800) 




783 a-e 


593 c-g 


890 a-c 


755 


\h2k (1600) 




820 a-d 


937 ab 


990 a 


916 



Average 



650 



66 



698 



743 



701 



C.V. = 26% 

* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability level by Duncan's Multiple Range Test. 

Rates of sludge and ammonium nitrate are significantly different at 
0.05 probability level by "F" test. 



TABLE 38. Nitrate-N Concentration in Corn Stover at Harvest. 
Cambridge, 1976. 



Nitro 
Rate 


gen 
(kg/ha) 




Nitrogen Source 




Sludge 
Average 


lb/ac 


Ammon i urn 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


Iron 
Sludge 










»9 


NO -N/g 









(0) 


247 f* 










89 


(100) 


657 cde 










178 


(200) 


950 be 


437 ef 


650 cde 


550 def 


546 


356 


(400) 


947 be 


583 c-f 


1107 ab 


813 bed 


834 


712 


(800) 




903 bed 


1167 ab 


960 be 


1010 


1 424 


(1600) 




950 be 


1180 ab 


1457 a 


1197 


Avera 


ige 




719 


1026 


925 


897 



C.V.= 24% 

* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability level by Duncan's Multiple Range Test. 

Sources and rates of sludge, and rates of ammonium nitrate are signifi- 
cantly different at 0.05 probability level by "F" test. 



TABLE 39. Phosphorus Concentration in First Cut (June 9), Bromegrass. 
Elora, 1976. 



Nitrogen 




Nitrogen Source 




Sludge 


Rate 

lb/ac (kg/ha) 


Ammon i urn 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Average 






% 


P 






(0) 


0.24 ab* 










89 (100) 


0.24 ab 










178 (200) 


0.24 ab 


0.27 be 


0.25 ab 


0.27 be 


0.26 


356 (400) 


0.24 ab 


0.30 c 


0.21 a 


0.27 be 


0.26 


712 (800) 




0.29 c 


0.23 ab 


0.29 c 


0.27 


1424 (1600) 




0.29 c 


0.22 a 


0.30 c 


0.27 


Average 




0.29 


0.23 


0.28 


0.27 



C.V. = 8.1% 

* Individual treatments not followed by a common letter are 

significantly different at 0.05 probability by Duncan's Multiple 
Range Test. 

Sources of sludge are significantly different at 0.01 probability 
level by "F" test. 
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TABLE 40 o Phosphorus Concentration in Corn Stover at Harvest. Elora, 1976 



Nitro 


gen 
(kg /ha) 




Nitrogen 


Source 




Sludge 


Rate 
Ib/ac 


Ammon i um 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


1 ron 

Sludge 


Average 








% P 









(0) 


0.11 abc* 










89 


(100) 


0.11 abc 










178 


(200) 


0.11 ab 


0.11 ab 


0.09 be 


0.10 abc 


0.10 


356 


(400) 


0.12 a 


0.11 ab 


0.11 abc 


0.09 be 


0.10 


712 


(800) 




0.09 abc 


0.08 c 


0.09 be 


0.09 


1424 


(1600) 




0.09 abc 


0.09 abc 


0. 10 abc 


0.10 



Average 0.10 0.09 0.09 0.10 

c.v. = \k% 

* Individual treatments not followed by a common letter are 
significantly different at 0.05 probability level by Duncan's 
Multiple Range Test. 

Rates of ammonium nitrate are significantly different at 0.05 
probability level by 'F' test. 
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TABLE 41. Phosphorus Concentration in Corn Stover at Harvest. 
Cambridge, 1976. 



Ni trogen 




Nitrogen 


Source 




Sludge 


Rate 

lb/ac (kg/ha) 


Ammon i urn 
N i t ra te 


Calcium 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Average 






% 


P 






(0) 


0.18 a* 










89 (100) 


0.13 be 










178 (200) 


0.12 bed 


0.13 be 


0.12 bed 


0.13 be 


0.12 


356 (400) 


0.12 bed 


0.14 b 


0.11 bed 


0.09 d 


0.12 


712 (800) 




0.11 bed 


0.11 cd 


0.13 be 


0.11 


1424 (1600) 




0.11 bed 


0.13 be 


0.13 be 


0.12 



Average 0.12 0.12 0.12 0.12 



c.v. = 15* 

* Individual treatments not followed by a common letter are 
significantly different at 0.05 probability level by Duncan's 
Multiple Range Test. 

Rates of ammonium nitrate are significantly different at 0.01 

probability level by 'F' test. 

Sludge source x rate interaction is significant at 0.05 

probabi 1 i ty level . 
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TABLE 42. Sodium Bi carbonate-Extractable Phosphorus in Surface Soil 
(0-6 in), Bromegrass Experiment. Fall, 1976. 



Ni trogen 
Rate 




Ni trog< 


en Source 




Sludge 
Average 


lb/ac (kg/ha) 


Ammon i um 
Nitrate 


Calcium 
Sludge 


Al umi num 
Sludge 


1 ron 
Sludge 








jug P/g 








(0) 


57 fg* 










89 (100) 


27 g 










178 (200) 


40 fg 


90 ef 


63 efg 


97 def 


83 


356 (400) 


23 g 


183 c 


73 efg 


90 ef 


115 


712 (800) 




367 b 


73 efg 


120 de 


187 


1424 (1600) 




560 a 


97 def 


150 cd 


269 


Average 




300 


77 


114 


164 



C.V. = 23% 

* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability level by Duncan's Multiple Range Test 

Sources and rates of sludge, rates of ammonium nitrate and source x rate 
interaction are significantly different at 0.01 probability level by 
"F" test. 



TABLE k3. Sodium Bicarbonate-Extractable Phosphorus in Surface Soi 
(0-6 in), Corn Experiment, Elora. Fall, 1976. 



Nitrogen Nitrogen Source Sludge 

Rate Average 

lb/ac (kg/ha) . . _ . . .. 7 

' Ammonium Calcium Aluminum Iron 

Nitrate Sludge Sludge Sludge 



jug P/g 






(0) 


23 f* 










89 


(100) 


30 f 










178 


(200) 


30 f 


87 c-f 


57 ef 


53 ef 


66 


356 


(400) 


hO ef 


87 c-f 


80 def 


90 c-f 


86 


712 


(800) 




210 b 


90 c-f 


150 bed 


150 


klk 


(1600 




290 a 


117 cde 


160 be 


189 



Average 168 86 113 123 

C.V. = h\% 

* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability level by Duncan's Mutiple Range Test. 

Sources and rates of sludge, and rates of ammonium nitrate are signifi- 
cantly different at 0.01 probability level by "F" test. Source x rate 
interaction is significant at 0.05 probability level. 
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TABLE 44. Sodium Bi carbonate-Extractable Phosphorus in Surface Soil 
(0-6 in) Corn Experiment, Cambridge. Fall, 1976. 



Nitro 
Rate 


gen 
(kg/ha) 




Nitrogen Source 




Sludge 


lb/ac 


Ammonium 
Nitrate 


Calcium 
SI udge 




Aluminum 
SI udge 


1 ron 
Sludge 


— — Average 










w 


P/g 









(0) 


103 ef* 












89 


(100) 


73 f 












178 


(200) 


73 f 


150 de 




113 ef 


103 ef 


122 


356 


(400) 


120 ef 


210 c 




123 def 


110 ef 


148 


712 


(800) 




273 b 




153 de 


170 cd 


198 


!42*i 


(1600) 




397 a 




123 def 


170 cd 


230 


Average 




258 




128 


138 


175 


C.V. 


= 17* 















* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability level by Duncan's Multiple Range Test. 

Sources and rates of sludge, rates of ammoniun nitrate, and source x rate 
interaction are significantly different at 0.01 probability level by 
"F" test, 
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TABLE J*5- Potassium Concentration in First Cut (June 9), Bromegrass. 
Elora, 1976. 



N i trogen 




Ni trogen 


Source 




Sludge 


Rate 

Ib/ac (kg/ha) 


Ammon i um 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Average 






% K 








(0) 


2.^0 g* 










89 (100) 


2.26 efg 










178 (200) 


1.91 abcde 


2.32 fg 


2.22 defg 


2.30 fg 


2.28 


356 (400) 


1.59 a 


2.28 fg 


1.78 abc 


1.85 abed 


1.97 


712 (800) 




1.70 ab 


2.03 bcdefg 


2.10 cdefg 


1.3ft 


\k2k (1600) 




1.59 a 


1.98 bcdef 


2.03 bcdefg 


1 1.87 


Average 




1.97 


2.00 


2.07 


2.02 



c.v. = 9.7% 

* Individual treatments not followed by a common letter are 

significantly different at 0.05 probability by Duncan's Multiple Range 
Test. 

Rates of sludge application and source-rate interaction are 
significantly different at 0.01 probability by "F" test. 
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TABLE 46. Potassium Concentration in Corn Stover at Harvest. Elora, 1976, 



Nitrogen Nitrogen Source Sludge 

Rate A r i • ai i Average 

ih/ fi, a i Ammonium Calcium Aluminum Iron 3 

ib/ac lkg/na; Nltrate sludge sludge sludge 

% K 



o (0) 


0.90 be* 








89 (100) 


0.91 be 








178 (200) 


0.96 be 


0.88 be 


0.86 c 


0.84 c 


356 (400) 


1.15 abc 


0.90 be 


1.04 abc 


1.01 be 


712 (800) 




1.16 abc 


1.05 abc 


1.24 ab 


1424 (1600) 




0.97 be 


1.15 abc 


1.36 a 



0.86 
0.98 

1.15 

1.16 



Average O.98 1.03 1.11 1.04 

c.v. = m 

* Individual treatments not followed by a common letter are 
significantly different at 0.05 probability level by Duncan's 
Multiple Range Test. 

Rates of sludge are significantly different at 0.01 probability 
level by 'F 1 test. 



TABLE 47. Effect of Nitrogen Source (Averaged Over Rates) on Ammonium 
Acetate-Extractable Soil Potassium. Corn, Elora, 1976. 







Ni 


i trogen source 








No 
Ni trogen 


Ammonium 
Nitrate 




Cal ci um 
SI udge 


Alum 
SI udge 


1 ron 
SI udge 


SI udge 
Average 


120 


121 




>jg/g 

124 


130 


125 


126 
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TABLE 48. Ammonium Acetate-Extractable Potassium in Surface Soil 
(0-6 in). Bromegrass Experiment, Fall, 1976. 



Nitrogen 




Nitrogen Source 




Sludge 
Average 


Rate 

lb/ac (kg/ha) 


Ammonium 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


Iron 
Sludge 








ug 


K/g 






(0) 


135 a* 










89 (100) 


101 b 










178 (200) 


104 b 


117 ab 


108 b 


117 ab 


114 


356 (400) 


92 b 


96 b 


92 b 


93 b 


93 


712 (800) 




93 b 


95 b 


97 b 


95 


1424 (1600) 




95 b 


107 b 


109 b 


104 



Average 



100 



100 



104 



102 



C.V. = 13% 

* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability level by Duncan's Multiple Range Test. 

Rates of ammonium nitrate and sludge are significantly different at 
0.01 and 0.05 probability levels respect ivly by "F" test. 
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TABLE 49- Ammonium Acetate-Extractable Potassium in Surface Soil 
(0-6 in). Corn Experiment, Cambridge. Fall, 1976. 



Nitrogen Rate 




Nitrogen 


Source 




Sludge 


lb/ac (kg/ha) 


Ammon ium 
Nitrate 


Calcium 
SI udge 


Al uminum 
Sludge 


1 ron 
Sludge 


Average 



yg K/g 



(0) 


129 ab* 










89 (100) 


120 ab 










178 (200) 


119 ab 


100 b 


113 ab 


139 ab 


117 


356 (400) 


117 ab 


108 ab 


\kk a 


120 ab 


124 


712 (800) 




109 ab 


120 ab 


127 ab 


118 


klk (1600) 




107 ab 


131 ab 


124 ab 


120 



Average 1 06 127 127 

c.v. = 18% 

* Individual treatments not followed by a common letter are 
significantly different at 0.05 probability level by Duncan's 
Multiple Range Test. 

Sources of sludge are significantly different at 0.05 probability 
level by 'F' test. 
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TABLE 50. Calcium Concentration in First Cut (June 9), Bromegrass. 
Elora, 1976. 



N i t rogen 






Nitrogen Source 


Si udge 


Rate 

lb/ac (kg/ha) 


Ammon i urn 
Nitrate 


Calci urn 
SI udge 


A 1 uminum 
Sludge 


1 ron 
Sludge 


Average 








% Ca 






(0) 


0.36 a* 










89 (100) 


0.40 ab 










178 (200) 


0.45 abc 


0.41 ab 


0.41 ab 


0.45 abc 


0.42 


356 (400) 


0.52 bed 


0.49 be 


0.45 abc 


0.44 abc 


0.46 


712 (800) 




0.62 de 


0.54 cde 


0.56 cde 


0.57 


1424 (1600) 




0.64 e 


0.54 cde 


0.62 de 


0.60 


Average 




0.54 


0.48 


0.52 


0.51 


C.V. = 13% 













* Individual treatments not followed by a common letter are 

significantly different at 0.05 probability by Duncan's Multiple 
Range Test. 

Rates of sludge are significantly different at 0.01 probability by 
"F 1 test. 



66 



TABLE 51. Calcium Concentration in Corn Stover at Harvest. Cambridge, 1976. 



Nitrogen Rate 




Ni trogen 


Source 




Sludge 


lb/ac (kg/ha) 


Ammon i urn 


Calcium 




Aluminum 


1 ron 


Average 




Nitrate 


Sludge 




Sludge 


Sludge 








% 


Ca 








(0) 


0.51 de* 












89 (100) 


0.65 bed 












178 (200) 


0.65 bed 


0.66 bed 




0.65 bed 


0.5^ cde 


0.62 


356 (i»00) 


0.69 abc 


0.62 b-e 




0.69 abc 


0.J*9 e 


0.60 


712 (800) 




0.70 ab 




0.67 bed 


0.73 ab 


0.70 


142^4 (1600) 




0.75 ab 




0.83 a 


0.71 ab 


0.76 



Average 0.69 0.71 0.62 0.67 

c.v. = \3% 

* Individual treatments not followed by a common letter are 
significantly different at 0.05 probability level by Duncan's 
Multiple Range Test. 

Rates of sludge are significantly different at 0.01 probability 
level by 'F' test. Sources of sludge and rates of ammonium nitrate 
are significant at 0.05 probability level. 
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TABLE 52. pH of Surface Soil (0-6 in) n Bromegrass Experiment. Fall, 1976. 



Nitro< 
Rate 


gen 
(kg/ha) 




Ni trog< 


en Source 




Sludge 
Average 


lb/ac 


Ammonium 
Nitrate 


Calcium 
SI udge 


Aluminum 
SI udge 


Iron 
Sludge 







(0) 


7.17 ed* 










89 


(100) 


7.03 cd 










178 


(200) 


7.10 cd 


7.40 be 


7.20 cd 


7.03 cd 


7.21 


356 


(400) 


7.07 cd 


7.67 ab 


7.23 cd 


7.10 cd 


7.33 


712 


(800) 




7.90 a 


7.17 cd 


7.00 d 


7.36 


1 hlk (1600) 
Average 




7.90 a 
7.72 


7.10 cd 
7.18 


6.37 e 
6.88 


7.12 
7.26 



c.v. = 2.7% 

* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability level by Duncan's Multiple Range Test 
Sources of sludge and source-rate interaction are significantly different 
at 0.01 probability level by "F" test. 
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TABLE 53- pH of Surface Soil (0-6 in). Corn Experiment, Elora. 
Fall, 1976. 



Nitro* 
Rate 


gen 
(kg/ha) 




Nitro 


gen Source 




Sludge 
Average 


lb/ac 


Ammon i urn 
Nitrate 


Calcium 
SI udge 


Aluminum 
Sludge 


1 ron 
SI udge 







(0) 


7.30 de* 










89 


(100) 


7.63 be 










178 


(200) 


7.03 e-g 


7.97 a 


7.13 d-g 


7.40 cd 


7.50 


356 


(400) 


7.13 d-g 


7.73 ab 


7.27 def 


7.10 d-g 


7.37 


712 


(800) 




7.93 a 


7.40 cd 


6.97 fg 


7.^3 


ikzk 


(1600) 




7.80 ab 


7.23 def 


6.87 g 


7.30 


Averag 


e 




7.86 


7-26 


7.09 


7.40 



C.V. = 2.3* 

* Individual treatments followed by a common letter are not significantly 
different at 0.05 probability level by Duncan's Multiple Range Test. 

Sources of sludge and rates of ammonium nitrate are significantly different 
at 0.01 probability level by "F" test. Source x rate interaction is signi- 
ficant at 0.05 probability level. 
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TABLE 54. pH of Surface Soil (0-6 in). Corn Experiment, Cambridge. 
Fall, 1976. 



Nitrogen 
Rate 




Ni trog< 


en Source 




Sludge 
Average 


lb/ac (kg/ha) 


Ammon i urn 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


Iron 
SI udge 




(0) 


7.33 be * 










89 (100) 


7.20 b-e 


' 








178 (200) 


7.03 cde 


7.77 a 


7.20 b-e 


7.23 b-e 


7.40 


356 (400) 


7.37 b 


7.93 a 


7.17 b-e 


6.97 e 


7.36 


712 (800) 




7-90 a 


7.20 b-e 


7.30 bed 


7. 47 


424 (1600) 




7.90 a 


7.13 b-e 


7.00 de 


7.34 



Average 7.88 7.18 7.13 7-39 

C.V. = 2.2% 

* Individual treatments notfol lowed by a common letter are significantly 
different at 0.05 probability level by Duncan's Multiple Range Test. 

Sources of sludge and rates of ammonium nitrate are significantly 
different at 0.01 probability level by "F" test. 
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TABLE 55. Magnesium Concentration in First Cut (June 9), Bromegrass. 
Elora, 1976. 



Nitro 


gen 
(kg/ha) 




Nitrogen Source 




Sludge 


Rate 
lb/ac 


Ammon i um 
Nitrate 


Caici um 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Average 








% 


Mg 









(0) 












89 


(100) 


0.13 a* 










178 


(200) 


0.13 a 


0.13 a 


0.13 a 


0.14 a 


0.13 


356 


(400) 


0.16 abc 


0.16 abc 


0. \k a 


0.15 ab 


0.15 


712 


(800) 


0.20 cd 


0.18 be 


0.19 be 


0.20 cd 


0.19 


1*421* 


(1600) 




0.20 cd 


0.18 be 


0.21 cd 


0.20 


Average 




0.17 


0.16 


0.18 


0.17 


C.V. 


= 13* 













Individual treatments not followed by a common letter are 
significantly different at 0.05 probability by Duncan's Multiple 
Range Test. 

Rates of sludge are significantly different at 0.01 probability by 
"P 1 test. 
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TABLE 56. Magnesium Concentration in Corn Stover at Harvest. Elora, 1976. 



Nitrogen Rate 




Nitrogen Source 




Sludge 


lb/ac (kg/ha) 


Ammonium 


Calcium Aluminum 


Iron 


Average 




Nitrate 


Sludge Sludge 


Sludge 








% Mg 






(0) 


0.21 abc* 








89 (100) 


0.25 a 








178 (200) 


0.25 a 


0.21 abc 0.21 abc 


0.20 abc 


0.21 


356 (400) 


0.24 ab 


0.22 abc 0.21 abc 


0.20 abc 


0.21 


712 (800) 




0.20 abc 0.20 abc 


0.18 e 


0.19 


1424 (1600) 




0.19 be 0.20 abc 


0.21 abc 


0.20 



Average 0.21 0.20 0.20 0.20 

c.v. = m 

* Individual treatments not followed by a common letter are 
significantly different at 0.05 probability level by Duncan's 
Mul tiple Range Test. 

Rates of ammonium nitrate are significantly different at 0.01 
probability level by 'F' test. 
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TABLE 57. Magnesium Concentration in Corn Stover at Harvest. 
Cambridge, 1976. 



Nitrogen Rate Nitrogen Source Sludge 

lb/ac (kg/ha) . . _ , ... ., Averaae 

* Ammonium Calcium Aluminum Iron ge 

Nitrate Sludge Sludge Sludge 



% Mg 

(0) 0.19 e* 

89 (100) 0.26 abc 

178 (200) 0.26 a 0.24 a-d 0.21 a-e 0.20 cde 0.22 

356 (400) 0.20 de 0.21 b-e 0.22 a-e 0.20 de 0.21 

712 (800) 0.23 a-e 0.22 a-e 0.21 b-e 0.22 

\k2k (1600) 0.26 ab 0.25 a-d 0.20 cde 0.24 

Average 0.24 0.23 0.20 0.22 

c.v. = 13* 

* Individual treatments not followed by a common letter are 
significantly different at 0.05 probability level by Duncan's 
Multiple Range Test. 

Rates of ammonium nitrate are significantly different at 0.01 
probability level by 'F* test. Sources of sludge are significantly 
different at 0.05 probability level. 
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TABLE 58. Ammonium Acetate-Extractable Magnesium in Surface Soil 
(0-6 in). Corn Experiment, Elora. Fall, 1976. 



Nitrogen Rate 




Ni troger 


) Source 




Sludge 


lb/ac (kg/ha) 


Ammon i urn 


Calcium 


Aluminum 


1 ron 


Average 




Nitrate 


Sludge 


Sludge 


Sludge 








yg 


Mg/g 






(0) 


430 abc* 










89 (100) 


380 b-e 










178 (200) 


480 a 


300 ef 


450 ab 


360 b-e 


370 


356 (400) 


420 abc 


320 ef 


380 b-e 


420 abc 


370 


712 (800) 




290 ef 


340 cde 


410 a-d 


350 


Iklk (1600) 




240 f 


320 df 


500 a 


350 



Average 290 38O 420 36O 

c.v. =* W% 

* Individual treatments not followed by a common letter are 
significantly different at 0.05 probability level by Duncan's 
Multiple Range Test. 

Sources of sludge, rates of ammonium nitrate and sludge source x rate 
interaction are significantly different at 0.01 probability level 
by *F' test. 
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TABLE 59- Manganese Concentration in First Cut (June 9), Bromegrass. 
Elora, 1976. 



Nitro 


gen 




Nitrogen Source 




Sludge 
Average 


Rate 


Ammonium 


Calcium 


Aluminum 


Iron 


lb/ac 


(kg/ha) 


Nitrate 


Sludge 


Sludge 


Sludge 










H8 


Mn/g 









(0) 


48 f* 










89 


(100) 


45 ef 










178 


(200) 


42 def 


41 def 


36 bed 


38 cde 


38 


356 


(400) 


46 f 


38 cde 


36 bed 


32 abc 


35 


712 


(800) 




29 abc 


33 abc 


32 abc 


31 


1424 


(1600) 




28 a 


32 abc 


43 def 


34 


Average 




34 


34 


36 


35 


c.v. 


= 10% 













*Individual treatments not followed by a common letter are significantly 
different at 0.05 probability by Duncan's Multiple Range Test. 

Rates of sludge, the source-rate interaction and rates of ammonium nitrate 
are significantly different at 0.01 probability level by "F" test. 
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TABLE 60. Manganese Concentration in Corn Stover at Harvest. Elora, 1976 



Nitro 


gen Rate 
(kg/ ha) 




Ni troger 


Source 




Sludge 


lb/ac 


Ammon ium 


Calcium 


Al uminum 


1 ron 


Average 






Nitrate 


Sludge 


Sludge 


Sludge 










ug 


Mn/g 









(0) 


34 c* 










89 


(100) 


45 be 










178 


(200) 


49 ab 


46 be 


39 be 


36 be 


40 


356 


(400) 


59 a 


41 be 


44 be 


41 be 


42 


712 


(800) 




46 be 


43 be 


44 be 


44 


1424 


(1600) 




38 be 


40 be 


38 be 


39 



Average 43 42 40 41 

c.v. = 16% 

* Individual treatments not followed by a common letter are 
significantly different at 0.05 probability level by Duncan's 
Mul tiple Range Test. 

Rates of ammonium nitrate are significantly different at 0.01 
probability level by 'F' test. 
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TABLE 61. Iron Concentration in First Cut (June 9), Bromegrass. 
Elora, 1976. 



Nitro 


gen 




Nitrogen Source 




Sludge 


Rate 










Average 














Ammonium 


Calcium Aluminum 


Iron 




lb/ac 


(kg/ ha) 


Nitrate 


Sludge Sludge 


Sludge 










ug Fe/g 









(0) 


33 a-c* 








89 


(100) 


30 a 








178 


(200) 


37 a-f 


34 a-d 32 ab 


42 d-f 


36 


356 


(400) 


40 b-f 


36 a-e 32 ab 


39 b-f 


36 


712 


(800) 




43 e-g 44 fg 


40 b-f 


42 


1424 


(1600) 




52 h 41 c-f 


50 gh 


48 


Averag 


;e 




41 38 


43 


40 



C.V. = 11% 

* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability by Duncan's Multiple Range Test 

Rates of sludge and ammonium nitrate are significanty different at 0.01 
probability by "F" test. Source of sludge and source-rate interaction 
are significant at 0.05 probability level. 
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TABLE 62. Boron Concentration in First Cut (June 9), Bromegrass. 
Elora, 1976. 



Nitrogen 




Nitrogen Source 




Sludge 
Average 


Rate 

lb/ac (kg/ha) 


Ammonium 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


Iron 
Sludge 








m 


B/g 






(0) 


7.3c* 










89 (100) 


7.0bc 










178 (200) 


6.3abc 


7.0bc 


6.7abc 


6. 7abc 


6.8 


356 (400) 


6.7abc 


6. 7abc 


6.0ab 


5.7a 


6.1 


712 (800) 




6.7abc 


6.3abc 


6.0ab 


6.3 


1424 (1600) 




6.0ab 


6.0ab 


6.7abc 


6.2 



Average 



6.6 



6.3 



6.3 



C.V. 



7.9% 



6.4 



* Individual treatments not followed by a common letter are 

significantly different at 0.05 probability by Duncan's Multiple 
Range Test. 

Rates of sludge are significantly different at 0.05 probability 
level by "F" test. Rates of ammonium nitrate are significantly 
different at 0.01 probability level. 
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TABLE 63. Cadmium Concentration in First Cut (June 9), Bromeqrass. 
Elora, 1976. 



Nitro 


gen 




Nitrogen Source 




Sludge 


Rate 
















Ammonium 


Calcium 


Aluminum 


Iron 


Average 


lb/ac 


(kg/ha) 


Nitrate 


Sludge 


Sludge 


Sludge 










Hg 


Cd/g 









(0) 


0.63* 










89 


(100) 


0.37 










178 


(200) 


0.37 


0.33 


0.60 


0.40 


0.44 


356 


(400) 


0.40 


0.40 


0.60 


0.40 


0.47 


712 


(800) 




0.37 


0.47 


0.47 


0.43 


1424 


(1600) 




0.40 


0.53 


0.67 


0.53 



Average 



0.38 



0.55 



0.48 



0.47 



C.V. = 44% 



* Individual treatments are not significantly different at 0.05 probability 
by Duncan's Multiple Range Test. 
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TABLE 64. Cadmium Concentration in Corn Stover at Harvest. Elora, 1976. 



Nitro 


gen 
(kg/ha) 




Nitrogen 


Source 




Sludge 


Rate 
lb/ac 


Ammon i urn 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Average 








ug Cd/g 









(o) 


0.22 f* 










89 


(100) 


0.30 def 










178 


(200) 


0.35 def 


0.30 def 


0.33 def 


0.27 ef 


0.30 


356 


(400) 


0.33 def 


0.37 def 


0.57 abc 


0.47 bed 


0.47 


712 


(800) 




0.37 def 


0.60 ab 


0.67 a 


0.5^ 


1424 


(1600) 




0.43 cde 


0.67 a 


0.70 a 


0.60 



Average 0.37 0.54 0.53 0.48 

c.v. = 20% 

* Individual treatments not followed by a common letter are 
significantly different at 0.05 probability level by Duncan's 
Multiple Range Test. 

Sources and rates of sludge and rates of ammonium nitrate are 
significantly different at 0.01 probability level by 'F' test. 
Source x rate of sludge interaction is significant at 0.05 
probabi 1 i ty level . 



TABLE 65. Cadmium Concentration in Corn Stover at Harvest. 
Cambridge, 1976. 



Nitrogen 




Nitrogen 


Source 




Sludge 


Rate 

lb/ac (kg/ha) 


Ammon i urn 
Nitrate 


Ca lei urn 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Average 






yg 


Cd/g 






(0) 


0.38 g* 










89 (100) 


O.J43 fg 










178 (200) 


0.50 d-g 


0.40 fg 


0.53 d-g 


0.63 c-g 


0.52 


356 (400) 


0.70 c-g 


0.1*7 efg 


0.92 abc 


0.51 d-g 


0.63 


712 (800) 




0.53 d-g 


0.77 b-e 


0.80 bed 


0.70 


]k2k (1600) 




0.63 c-g 


1.03 ab 


1.13 a 


0.93 



Average 0.51 0.81 0.77 0.70 

c.v. = 25% 

* Individual treatments not followed by a common letter are 
significantly different at 0.05 probability level by Duncan's 
Multiple Range test. 

Rates and sources of sludge, and rates of ammonium nitrate are 
significantly different at 0.01 probability level by 'F* test. 
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TABLE 66. Metal Content of Corn Grain from Selected Treatments. Elora and 
Cambridge, 1976. 



Element Source of Ni trogen C.V. % 

Ammonium Ni trate Calcium Sludge Alum Sludge Iron Sludge 

N rate - lb/ac (kg/ha) 
89 (100) 356 (400) 1424 (1600) 1424 (1600) 1424 (1600) 















El« 


ora 










Cd yg/g 


0.09 


ab* 


0.07 b 


0.14 


a 




0.11 


ab 


0.12 


ab 


32 


Cr yg/g 


0.11 


a 


0.10 ab 


0.11 


a 




0.07 


b 


0.11 


a 


14 


Cu yg/g 


1.0 


a 


1.0 a 


1.0 


a 




1.0 


a 


1.0 


a 


0.0 


Ni yg/g 


0.10 


a 


0.08 a 


0.05 


a 




0.10 


a 


0.10 


a 


43 


Pb yg/g 


0.33 


a 


0.25 a 


0.33 


a 




0.25 


a 


0.33 


a 


37 


Zn yg/g 


21 


c 


20 c 


23 


be 


Camb 


28 

r idge 


a 


26 


ab 


9.9 


Cd yg/g 


0.07 


a 


0.07 a 


0.07 


a 




0.08 


a 


0.08 


a 


32 


Cr yg/g 


0.11 


ab 


0.16 a 


0.10 


ab 




0.07 


b 


0.09 


ab 


33 


Cu yg/g 


1.0 


b 


1.0 b 


2.3 


a 




1.0 


b 


1.7 


ab 


29 


Ni yg/g 


0.08 


a 


0.12 a 


0.15 


a 




0.15 


a 


0.20 


a 


79 


Pb yg/g 


0.33 


a 


0.33 a 


0.25 


a 




0.25 


a 


0.25 


a 


34 


Zn yg/g 


35 


a 


36 a 


42 


a 




48 


a 


42 


a 


19 



* Individual values for an element not followed by a common letter are 

significantly different at 0.05 probability level by Duncan's Multiple Range 
Test. 
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TABLE 67. Cadmium Concentration in First Cut Bromegrass from Selected 
Treatments from 1973 to 1976 Inclusive. 



Year 




Nitrogen Source 






N V° 3 
100 kg N/ha A00 kg N/ha 


Lime Sludge Alum Sludge 
1600 kg N/ha 1600 kg N/ha 


Iron Sludge 
1600 kg N/ha 



yg Cd/g 



1973 


0.16 b* 


0.17 ab 


0.23 ab 


0.25 a 


0.21 ab 


197*» + 


0.05 


0.10 


0.07 


0.10 


0.12 


1975 


0.17 b 


0.30 ab 


0.30 ab 


0.20 ab 


0.^0 a 


1976 


0.37 a 


0.^0 a 


0.^0 a 


0.53 a 


0.67 a 



* Individual treatments for a given year not followed by a common letter are 
significantly different at 0.05 probability level by Duncan's Multiple 
Range Test. 

§ 

Data from third cut. 

No statistical analysis was possible because a number of samples had less 
than detection limits of Cd . 
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TABLE 68. Cadmium Concentration in Corn Stover from Elora and Cambridge 
from 1973 to 1976 Inclusive. 



Year 



Nitrogen Source 



Lime Sludge Alum Sludge Iron Sludge 

00 kg N/ha A00 kg N/ha 1600 kg N/ha 1 600 kg N/ha 1600 kg N/ha 



NH.N0, 
— M — 3- 



ug Cd/g 



Elora 



1973 


0.23 b* 


0.28 ab 


0.30 ab 


0.40 a 


0.38 a 


1974 


0.28 abc 


0.31 abc 


0.37 abc 


0.46 ab 


0.54 a 


1975 


0.24 d 


0.43 cd 


0.43 cd 


0.67 ab 


0.80 a 


1976 


0.30 def 


0.33 def 


0.43 cde 
Cambridge 


0.67 a 


0.70 a 


1973 


0.38 b 


0.58 a 


0.60 a 


0.39 b + 


0.64 a 


1974 


0.35 c 


0.59 be 


0.85 ab 


0.43 be 


1.11a 


1975 


0.50 be 


0.78 a 


0.55 abc 


0.46 be 


0.42 be 


1976 


0.43 fg 


0.70 c-f 


0.63 c-g 


1.03 ab 


1.13 a 



* Individual treatments for a given year and site which are not followed by 
a common letter are significantly different at 0.05 probability level by 
Duncan's Multiple Range Test. 

+ No alum sludge was applied at this rate in 1973 because the length of 
time required to dry the plots would have delayed planting. 
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TABLE 69. Chromium Concentration in First Cut (June 9), Bromegrass. 
Elora, 1976. 



Nitro 


gen 




Nitrogen Source 




Sludge 


Rate 


Ammonium 


Calcium 




Aluminum 


Iron 


Average 


lb/ac 


(kg/ha) 


Nitrate 


Sludge 




Sludge 


Sludge 










jag 


Cr/g 









(0) 


0.97ab* 












89 


(100) 


1.10b 












178 


(200) 


0.87ab 


0.93ab 




0.93ab 


0.90ab 


0.92 


356 


(400) 


0.93ab 


0.87ab 




0.93ab 


0.87ab 


0.89 


712 


(800) 




0.97ab 




0.97ab 


1.03ab 


0.99 


1424 


(1600) 




0.67a 




1.07b 


1.10b 


0.94 



Average 



0.86 



0.98 



0.98 



0.94 



C.V = 21% 

* Individual treatments not followed by a common letter are 

significantly different at 0.05 probability by Duncan's Multiple 
Range Test. 
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TABLE 70. Chromium Concentration in Corn Stover at Harvest. 
Cambridge, 1976. 



Ni tro 


gen 
(kg/ha) 




Ni trogen 


Source 




Sludge 


Rate 
lb/ac 


Ammon i um 
Nitrate 


Calci um 
Sludge 


Al uminum 
Sludge 


1 ron 
Sludge 


Average 








vg 


Cr/g 









(0) 


2.0 b* 


. 








89 


(100) 


1.6 b 










178 


(200) 


1.7 b 


2.3 b 


l.k b 


1.8 b 


2.2 


356 


(i»00) 


1.5 b 


1.9 b 


3.0 b 


1.8 b 


2.3 


712 


(800) 




2.0 b 


5.0 a 


2.1 b 


3.0 


\k2k 


(1600) 




2.9 b 


5. h a 


2.1 b 


3.5 



Average 2.3 *».0 2.0 2.7 

c.v. = 11% 

* Individual treatments not followed by a common letter are 
significantly different at 0.05 probability level by Duncan's 
Multiple Range Test. 

Source of sludge is significant at 0.01 probability level by 

'F' test. Rates of sludge and ammonium nitrate are significant at 

0.05 probability level. 
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TABLE 71. Copper Concentration in First Cut (June 9), Bromegrass. 
Elora, 1976. 



Nitrogen Nitrogen Source Sludge 

Rate Average 

lb/ac (kg/ha) AmmonJum Calcium Aluminum Iron 

Nitrate Sludge Sludge Sludge 

pg Cu/g 



(0) 


7.3 a* 










89 (100) 


8.0 ab 










178 (200) 


8.3 ab 


9.7 bed 


8.0 ab 


8.3 ab 


8.7 


356 (400) 


8.7 abc 


9.0 abc 


7.7 ab 


9.0 abc 


8.6 


712 (800) 




11.3 de 


12.0 ef 


10.7 cde 


11.3 


\k2k (1600) 




12.0 ef 


12.3 ef 


13.7 f 


12.7 


Average 




10.5 


10.0 


10.^ 


10.3 



cv. = \]A% 

* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability by Duncan's Multiple Range Test. 

Rates of sludge and ammonium nitrate are significantly different at 
0.01 probability level by "F" test. 
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TABLE 72. Copper Concentration in Corn Stover at Harvest. Elora, 1976, 



Nitrogen Nitrogen Source Sludge 

Rate R . ,, 1 • «i , Averag< 

ik/ ih /k \ Ammonium Calcium Aluminum Iron 

Ib/ac tkg/r.a; Nitrate sludge Sludge Sludge 



yg Cu/g 



(0) 


4.3 b* 










89 (100) 


5.3 ab 










178 (200) 


6.3 a 


5.7 ab 


6.3 a 


6.0 ab 


6.0 


356 (4oo) 


6.7 a 


6.3 a 


6.3 a 


6.3 a 


6.3 


712 (800) 




5.7 ab 


7.0 a 


6.3 a 


6.3 


1424 (1600) 




6.3 a 


7.0 a 


6.7 a 


6.7 



Average 6.0 6.7 6.3 6.3 



c.v. = \5% 

* Individual treatments not followed by a common letter are 
significantly different at 0.05 probability level by Duncan's 
Multiple Range Test. 

Rates of ammonium nitrate are significantly different at 0.01 
probability level by 'F' test. 
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TABLE 73. Copper Concentration in Corn Stover at Harvest. Cambridge, 1976, 



N i t ro 


gen 
(kg/ha) 




Ni troger 


i Source 




Sludge 


Rate 
lb/ac 


Ammon i um 
Nitrate 


Ca lei um 
Sludge 


Aluminum 
S 1 udge 


1 ron 
Sludge 


Average 








yg 


Cu/g 









(0) 


5.3 d* 










89 


(100) 


7.7 be 










178 


(200) 


9.3 ab 


7.0 cd 


8.0 be 


7-7 be 


7.6 


356 


(J»oo) 


8.3 be 


8.0 be 


9.7 ab 


7.7 be 


S.k 


712 


(800) 




9.7 ab 


8.3 be 


8.0 be 


8.7 


\m 


(1600) 




8.0 be 


9.3 ab 


11.0 a 


M 



Average 8.2 8.8 8.6 8.5 

c.v. = \k% 

* Individual treatments not followed by a common letter are 
significantly different at 0.05 probability level by Duncan's 
Multiple Range Test. 

Rates of ammonium nitrate are significantly different at 0.01 
probability level by 'F' test. Rates of sludge and sludge 
source x rate interaction are significant at 0.05 
probabi 1 i ty level . 



TABLE 74. Copper Concentration in First Cut Bromegrass from Selected 
Treatments from 1973 to 1976 Inclusive. 



Year 






Nitrogen Source 








NH. 


NO, 


Lime Sludge 
1600 kg N/ha 


Alum Sludge 
1600 kg N/ha 


Iron Sludge 




100 kg N/ha 


400 kg N/ha 


1600 kg N/ha 








ug Cu/g 






1973 § 


5.7 c* 


10.3 b 


16.0 a 


11.0 ab 


13.0 b 


1974 


7.7 ef 


8.3 c-f 


10.0 abc 


11.3 a 


10.3 ab 


1975 


8.7 d-h 


11.3 bed 


13-3 ab 


15.0 a 


14.7 a 


1976 


8.0 ef 


8.7 def 


12.0 ab 


12.3 ab 


13.7 a 



* Individual treatments for a given year not followed by a common letter 
are significantly different at 0.05 probability level by Duncan's 
Multiple Range Test. 

§ 

Data from third cut. 



90 



TABLE 75- Copper Concentration in Corn Stover from Elora and Cambridge, 
from 1973 to 1976 Inclusive. 



Year 




Nitrogen Source 






N V°3 
100 kg N/ha WO kg N/ha 


Lime Sludge Alum Sludge 
1600 kg N/ha 1600 kg N/ha 


Iron Sludge 
1600 kg N/ha 



ug Cu/g 



Elora 



1973 


7.0 a* 


5.3 a 


8.3 a 


9-3 a 


10.3 a 


197*1 


6.7 b 


9.0 ab 


11.3 ab 


11.7 ab 


11.7 ab 


1975 


9-7 ab 


9.6 ab 


8.9 abc 


8.5 be 


9-9 ab 


1976 


5.3 ab 


6.7 a 


6.3 a 


7.0 a 


6.7 a 



Cambridge 



1973 


10.3 b-f 


11.0 a-d 


11 .7 ab 


9.3 def** 


12.7 f 


197^ 


8.3 cd 


11.0 abc 


10.3 a-d 


12.0 ab 


12.3 a 


1975 


8.3 ab 


8.7 ab 


9-3 ab 


8.8 ab 


8.5 ab 


1976 


7.7 be 


8.3 be 


8.0 be 


9.3 ab 


11.0 a 



Individual treatments for a given year and site which are not followed by 
a common letter are significantly different at 0.05 probability level by 
Duncan's Multiple Range Test. 

-No alum sludge was applied at this rate in 1973 in Cambridge because the 
length of time required to dry the plots would have delayed planting. 
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TABLE 76. Nickel Concentration in First Cut (June 9), Bromegrass. 
Elora, 1976. 



Nitro 


gen 
(kg/ha) 




Nitrogen Source 




Sludge 


Rate 
lb/ac 


Ammonium 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


Iron 
Sludge 










P8 


Ni/g 









(0) 


0.50a* 










89 


(100) 


0.50a 










178 


(200) 


0.50a 


0.50a 


0.57a 


0.57a 


0.54 


356 


(400) 


0.50a 


0.50a 


0.50a 


0.50a 


0.50 


712 


(800) 




0.57a 


1.50b 


0.50a 


0.86 


1424 


(1600) 




0.57a 


l.lOab 


0.53a 


0.73 



Average 



0.53 



0.92 



0.53 



0.66 



CV. = 55% 

*Individual treatments not followed by a common letter are significantly 
different at 0.05 probability by Duncan's Multiple Range Test. 

Sources of sludge are significantly different at 0.05 probability level 
by M F M test. 
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TABLE 11. Nickel Concentration in Corn Stover at Harvest. Cambridge, 1976 



Nitrogen 




Nitrogen 


Source 




Sludge 


Rate 

lb/ac (kg/ha) 


Ammon i um 
Nitrate 


Calci um 
Sludge 


Aluminum 
Sludge 


1 ron 
Sludge 


Average 



ug Ni/g 



o (0) 


1.2 bed* 








89 (100) 


0.9 cd 








178 (200) 


0.9 cd 


1.5 abc 


0.8 d 


0.9 cd 


356 (400) 


0.7 d 


1.7 ab 


1.0 cd 


0.9 cd 


712 (800) 




1.6 ab 


1.2 bed 


0.8 d 


klh (1600) 




2.0 a 


1.2 bed 


0.9 cd 



1.0 
1.2 
1.2 
M 



Average 1.7 1.0 0.9 1.2 

c.v. = 29% 

* Individual treatments not followed by a common letter are 
significantly different at 0.05 probability level by Duncan's 
Multiple Range Test. 

Source of sludge is significant at 0.01 probability level by 'F 1 
test. Rate of ammonium nitrate is significant at 0.05 probability 
level . 
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TABLE 78. Lead Concentration in First Cut (June 9), Bromegrass. 
Elora, 1976. 



Nitro] 


gen 
(kg/ha) 




Nitrogen Source 




Sludge 
Average 


Rate 
lb/ac 


Ammonium 
Nitrate 


Calcium 
Sludge 


Aluminum 
Sludge 


Iron 
Sludge 










w 


Pb/g 









(0) 


0.77a* 










89 


(100) 


0.83ab 










178 


(200) 


0.80ab 


0.80ab 


0.77a 


l.OOab 


0.86 


356 
712 


(400) 
(800) 


0.90ab 


0.73a 
0.97ab 


0.73a 
1 . 03ab 


l.lOab 
0.87ab 


0.86 
0.96 


1424 


(1600) 




1.30b 


l.OOab 


0.97ab 


1.09 


Average 




0.95 


0.88 


0.98 


0.94 



C.V. = 28% 

* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability by Duncan's Multiple Range Test. 
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TABLE 79- Zinc Concentration in First Cut (June 9), Bromegrass. 
Elora, 1976. 



N? trogen 




Nitrogen Source 




Sludge 


Rate 










Average 


lb/ac (kg/ha) 


Ammon ium 


Calcium 


Al uminum 


1 ron 






Nitrate 


Sludge 


SI udge 


Sludge 








P9 


Zn/g 









16 a* 










89 (100) 


15 a 










178 (200) 


17 a 


20 abc 


18 a 


2k bed 


20 


356 (400) 


20 abc 


20 abc 


19 ab 


25 cd 


21 


712 (800) 




28 d 


2k bed 


29 d 


27 


k2k (1600) 




25 cd 


2k bed 


39 e 


29 



Average 23 21 29 25 

C.V. - 12.8 

* Individual treatments not followed by a common letter are significantly 
different at 0.05 probability by Duncan's Multiple Range Test. 

Sources and rates of sludge and rates of ammonium nitrate are significantly 
different at 0.01 probability level by "F" test. Rate-source of sludge 
interaction is significant at 0.05 probability level. 
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TABLE 80. Zinc Concentration in Corn Stover at Harvest. Elora, 1976. 



N i t ro 


gen 
(kg/ha) 




Ni trogen 


Source 




Sludge 


Rate 


Ammon i urn 


Ca lei um 


Aluminum 


1 ron 


Average 


lb/ac 


Nitrate 


Sludge 


Si udge 


Sludge 










ug 


Zn/g 









(0) 


20 de* 










89 


(100) 


15 e 










178 


(200) 


18 e 


30 cd 


35 c 


30 cd 


32 


356 


(*»00) 


20 de 


29 cd 


41 be 


38 c 


36 


712 


(800) 




64 a 


80 a 


78 a 


lh 


\kzk 


(1600) 




62 ab 


69 a 


88 a 


73 



Average 



i*6 56 59 5^ 



c.v. = 28% 

* Individual treatments not followed by a common letter are significantly 

different at the 0.05 probability level by Duncan's Multiple Range 

Test. 

Rates of sludge and ammonium nitrate are significantly different 
at 0.01 probability level by 'F' test. Source of sludge is 
significant at 0.05 probability level. 
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TABLE 81. Zinc Concentration in Corn Stover at Harvest. Cambridge, 1976. 



Nitro 


gen 
(kg/ha) 




Ni trogen 


i Source 




Sludge 


Rate 
lb/ac 


Ammon i um 
Nitrate 


Ca lei um 
S 1 udge 


Aluminum 
Sludge 


1 ron 
Sludge 


Average 








ug 


Zn/g 









(0) 


kS ghi* 










89 


(100) 


k$ hi 










178 


(200) 


62 d-i 


43 i 


62 d-i 


58 e-i 


5*4 


356 


(400) 


65 d-h 


51 f-i 


106 abc 


69 c-g 


75 


712 


(800) 




61 d-i 


86 bed 


76 c-f 


75 


Yklk 


(1600) 




76 cde 


12*4 ab 


137 a 


112 



Average 58 95 85 79 

c.v. = 23% 

* Individual treatments not followed by a common letter are 
significantly different at 0.05 probability level by Duncan's 
Multiple Range Test. 

Rates and sources of sludge and rates of ammonium nitrate are 
significantly different at 0.01 probability level by 'F' test. 

TABLE 82. Zinc Concentration in First Cut Bromegrass from Selected 
Treatments from 1973 to 1976 Inclusive 

Year Nitrogen Source 

NH , NO Lime Sludge Alum Sludge Iron Sludge 

100 kg N/ha 400 kg N/ha 1600 kg N/ha 1600 kg N/ha 1600 kg N/ha 

ug Zn/g 



1973 § 


19 c* 


26 b 


33 a 


26 b 


31 a 


1974 


19 f 


22 de 


28 ab 


29 ab 


28 ab 


1975 


17 fg 


30 be 


30 be 


33 b 


41 a 


1976 


15 e 


20 cde 


25 be 


24 bed 


39 a 



* Individual treatments for a given year not followed by a common letter 
are significantly different at 0.05 probability level by Duncan's 
Mul ti pie Range Test. 



§ 

Data from third cut. 
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TABLE 83. Zinc Concentration in Corn Stover from Elora and Cambridge 
from 1973 to 1976 Inclusive. 



Year 




Nitrogen Source 






NH f| N0, 
100 kg N/ha 400 kg N/ha 


Lime Sludge Alum Sludge 
1600 kg N/ha 1600 kg N/ha 


Iron Sludge 
1600 kg N/ha 



yg Zn/g 



Elora 



1973 


19 


cd* 


18 


d 


30 b-d 


37 a-d 


k] ab 


197* 


15 


i 


22 


f-i 


36 cde 


5^ b 


89 a 


1975 


18 


e 


23 


e 


55 be 


72 b 


106 a 


1976 


15 


e 


20 


de 


62 ab 
Cambridge 


69 a 


88 a 


1973 


64 


c 


96 


be 


137 a 


53** c 


111 ab 


1974 


hi 


ffl 


80 


d-g 


151 a 


133 abc 


135 ab 


1975 


55 


be 


117 


abc 


\2k ab 


131 a 


77 abc 


1976 


hS 


hi 


65 


d-h 


76 cde 


\2k ab 


137 a 



* Individual treatments for a given year and site which are not followed 
by a common letter are significantly different at 0.05 probability 
level by Duncan's Multiple Range Test. 

** No alum sludge was applied at this rate in Cambridge in 1973 because 

the length of time required to dry the plots would have delayed planting 
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TABLE 84. Mercury, Molybdenum and Selenium Contents of Selected Treatments From First Cut 
Bromegrass (June 9), 1976. 



U3 







Nitrogen Source 








Element 


Ammon i urn 


ni trate 


Lime sludge 


Alum sludge 


Iron sludge 


C.V. 




200 kg N/ha 


400 kg N/ha 


1600 kg N/ha 


1600 kg N/ha 


1600 kg N/ha 


ft) 


Mo (^g/g) 


0.80 a 


0.57 a 


0.67 a 


0.57 a 


0.73 a 


23 


Se (ng/g) 


hi ab 


65 ab 


48 ab 


28 b 


82 a 


38 


Hg (ng/g) 


21 a* 


20 a 


21 a 


20 a 


21 a 


12 



Individual values for an element not followed by a common letter are significantly different 
at 0.05 probability level by Duncan's Multiple Range test. 



TABLE 85. Molybdenum, Selenium and Mercury Contents of Corn Grain and 
Stover from Selected Treatments. Elora and Cambridge, 1976. 



Element Source of Nitrogen C.V. % 

Ammonium Ni trate Calcium Sludge Alum Sludge Iron Sludge 

N rate - lb/ac (kg/ha) 
89 (100) 356 (J+00) 1 42t (1600) \ktk (1600) \k2k (1600) 









Elora - 


Stover 








Mo yg/g 


0.3^ b* 


O.kk ab 


0.62 a 




0.50 ab 


O.hk ab 


2k 


Se ng/g 


50 a 


50 a 


hb a 




50 a 


*7 a 


33 


Hg ng/g 


17 a 


21 a 


18 a 




18 a 


21 a 


23 



Cambridge - Stover 



Mo ug/g 


0.27 b 


0.28 b 


0.50 a 


0.23 b 


0.26 b 


30 


Se ng/g 


57 be 


83 ab 


85 a 


78 ab 


51 c 


19 


Hg ng/g 


23 a 


21 a 


23 a 


21 a 


28 a 


17 



Elora - Grain 

Mo yg/g O.kk be 0.3*+ c O.58 a 0.48 ab 0.1+7 ab 13 
Se ng/g 32 a 33 a 22 ab 12 b 28 ab 35 
Hg ng/g 3a ha k a k a 3a 33 

Cambridge - Grain 



Mo yg/g 


0.60 a 


0.61 a 


0.67 a 


0.5^ a 


0.58 a 


28 


Se yg/g 


0.03 a 


0.03 a 


0.03 a 


0.02 a 


0.02 a 


7^ 


Hg ng/g 


k a 


3 a 


h a 


k a 


3 a 


kk 



* Individual values for an element not followed by a common letter are 

significantly different at 0.05 probability level by Duncan's Multiple Range 
Test. 
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TABLE 86. Average Concentration of Nutrients and Metals in Corn 

Stover from Elora and Cambridge which were not Affected 
by Treatment Effects. 



Element Concentration (+ S.D.) 



ELORA 
Ca 0.45 + 0.05* 

B 7.3 + 0.7 fig/g 

Cr 1.1+0.2 ug/g 

Ni 0.6 + 0.1 jjg/g 

Pb 3.1 + 0.4 |ig/g 

Cambr 1 dge 
K 1.04 + 0.10% 

Mn 60+5 ug/g 

B 12+1 ug/g 

Pb 8.9 +_0.9>jg/g 
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TABLE 87. Aqua Regia-Extractable Soil Phosphorus, Bromegrass Experiment 
April, 1976 



Soil 






Source of Nitrogen 




Depth 
in (cm) 


NH.N0- 
4 3 


Ca-sludge Al-sludge 


Fe-sludge Sludge 
Average 






Nitrogen Rate lb/ac (kg/ha) 






89 (100) 


356 (400) 


1424 (1600) 1424 (1600) 


1424 (1600) 1424 (1600) 








Soil P mg/g 




0-2 ( 0-5) 


0.74 fg* 


0.73 fg 


3.31 c 5.75 b 


7.23 a 5.43 


2-4 ( 5-10) 


0.66 gh 


0.67 gh 


1.61 d 0.89 ef 


1.08 e 1.19 


4-6 (10-15) 


0.66 gh 


0.57 h 


0.72 g 0.76 fg 


0.89 ef 0.79 



Average 0.69 0.66 1.88 2.47 3.06 2.47 

Phosphorus applied in sludge (1973-1975) mg/g 
0-6 ( 0-15) 1.40 1.71 2.15 



* Values followed by a common letter are not significantly different at 0.05 
probability by Duncan's Multiple Range Test. 
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TABLE 88„ Aqua Regia-Extractable Soil Calcium, Bromegrass Experiment. April, 
1976. 



Soil 
Depth 
in (cm) 



NH 4 N0 3 



Source of Nitrogen 



Ca-sludge 



Al -sludge Fe-sludge Sludge 
___ ____ Average 



Nitrogen Rate lb/ac (kg/ha) 



89 (100) 356 (400) \k2k (1600) 1424 (1600) \klk (1600) 1424 (1600) 



0-2 ( 0-5) 
2-4 ( 5-10) 
4-6 (10-15) 

Average 



7.47 fg* 7-70 e fg 
7.77 efg 9.20 e f 
7.67 fg 9J3. de 

7.63 8.91 



Soil 


Ca mg/g 






85.8 


16.1 b 


9.80 de 


37.2 


27.7 b 


8.47 cd 


6.83 g 


14.3 


12.3 d 


9.17 cd 


7.50 fcf 


9.65 


41.9 


11.2 


8.04 


20.4 



0-6 ( 0-15) 



Calcium applied in sludge ( 1 973~75) mg/g 
24.8 2.7 1.9 



Values followed by a common letter are not significantly different at 0.05 
probability level by Duncan's Multiple Range Test. 
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TABLE 89. Aqua Regia-Extractable Soil Aluminum, Bromegrass Experiment. April, 
1976. 



Soil 
Depth 
in (cm) 



Source of Nitrogen 



NH.H0_ 
4 3 



Ca-Sludge 



Al-sludge 



Fe-sludge Sludge 
^^ Average 



Nitrogen Rate lb/ac (kg/ha) 



89 (100) 356 (400) 1424 (1600) 1424 (1600) 1424 (1600) 1424 (1600) 



0-2 ( 0-5) 17.5 b* 17.1 b 
2-4 ( 5-10) 19.2 b 17.2 b 
4-6 (10-15) 17.3 b 



18.1 b 



Soil Al mg/g 

13.1 c 26.2 a 

16.5 b 18.7 b 

18.7 b 18.1 b 



17.0 b 
18.2 b 
18.2 b 



Average 



0-6 ( 0-15) 



18.0 



17.5 



16.1 



21.0 



17.8 



18.8 
17.8 
18.3 

18.3 



Aluminum applied in sludge (1973-75 )mg/g 



0.36 



2.5 



0.70 



* Values followed by a common letter are not significantly different at 0.05 
probability by Duncan's Multiple Range Test. 
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TABLE 90. Aqua Regia-Extractable Soil Iron, Bromegrass Experiment. 
April, 1976. 

Sol 1 Source of Nitrogen 

? ep ^ h x NHuNOq Ca-sludge Al-sludge Fe-sludge Sludge 

' n } ____________ L L Average 



Nitrogen Rate Ib/ac (kg/ha) 



0-2 ( 0-5) 


21.3 b* 


20.7 b 


2-4 ( 5-10) 


22.3 b 


20.7 b 


4-6 (10-15) 


21.3 b 


21.2 b 


Average 


21.6 


20.9 



89 (100) 356 (400) 1424 (1600) 1424 (1600) 1424 (1600) 1424 (1600) 

Soi 1 Fe mg/g 

16.5 c 20.2 b 32.1 a 22.9 
20.3 b 21.2 b 21.8 b 21.1 

21.6 b 20.9 b 21.9 b 21.5 
19.5 20.8 25.3 21.8 

Iron applied in Sludge, (1973-75; mg/g 
0-6 ( 0-15) 0.8 0.4 2.4 

* Values followed by a common letter are not significantly different at 0.05 
probability level by Duncan's Multiple Range Test. 



TABLE 91 o Aqua Regia-Extractable Soil Manganese, Bromegrass Experiment. 
April, 1976. 

Soi 1 Source of Nitrogen 

Depth 



[ft (cm) NH Lt N0 3 Ca-sludge Al-sludge Fe-sludge Sludge 
_____ ______ Average 



Nitrogen Rate Ib/ac (kg/ha) 



89 (100) 356 (400) 1424 (1600) 1424 (1600) 1424 (1600) 1424 (1600) 



63^ 
733 
719 
695 

* Values followed by a common letter are not significantly different at 0.05 
probability level by Duncan's Multiple Range Test. 













Soil 


Mn 


yg/g 








0-2 ( 0-5) 


732 


a* 729 


a 


603 


c 




669 


a be 


629 


be 


2-4 ( 5-10) 


746 


a 715 


ab 


708 


ab 




744 


a 


746 


a 


4-6 (10-15) 


707 


ab 739 


a 


725 


a 




716 


ab 


717 


ab 


Average 


728 


728 




679 






710 




697 
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TABLE 92o Aqua Regia-Extractable Soil Cadmium, Bromegrass Experiment. 
April, 1976 



Soil 






Source of Nitrogen 






Depth 
in (cm) 


Nh\N0 3 


Ca-sludge Al -sludge 


Fe-sludge 


Sludge 
Average 




89 (100) 


N 
356 (400) 


itrogen Rate lb/ac (kg/ha) 








1424 (1600) 1424 (1600) 


1424 (1600) 


1424 (1600) 








Soi 1 Cd ug/g 






0-2 ( 0-5) 


0.38 g 


0.36 g 


1.11c 1.98 b 


5.^6 a 


2.85 


2-4 ( 5-10) 


0.32 g 


0.34 g 


0.61 de 0.42 f g 


0.69 d 


0.57 


4-6 (10-15) 


0.35 g 


0.34 g 


0.40 fg 0.37 g 


0.50 ef 


0.42 


Average 


0.35 


0.35 


0.71 0.92 


2.22 


1.28 






Cadmium Applied in Sludge,( 1973- 


75)pg/g 




0-6 ( 0-15) 






0.46 0.42 


0.96 





TABLE 93. NTA-Extractable Soil Cadmium, Bromegrass Experiment. April, 1976. 



So j ] Source of Nitrogen __ 

Depth NH.NOq Ca-sludge Al -sludge Fe-sludge Sludge 
in (cm) 4 * Average 



Nitrogen Rate lb/ac (kg/ha) 



89 (100) 356 (400) 1424 (1600) 1424 (1600) 1424 (1600) 1424 (1600) 



yg/g Cd 

0-2 ( 0-5) 0.24 de 0.23 de 0.47 c 0.96 b 2.36 a I- 26 

2-4 ( 5-10) 0.23 de 0.22 de 0.26 de 0.29 d 0.41 c 0.32 

4-6 (10-15) O^e U2e 0^ de 0^25 de 0J0 d ^6 

Average 0.23 0.22 0. 3 2 0-50 Kg °' 61 
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TABLE 94. Aqua Regia-Extractable Soil Chromium, Bromegrass Experiment. 
April, 1976. 



Soil 








Source of Nitrogen 






Depth 
in (cm) 




NHI.N03 


Ca-sludge Al-sludge 


Fe-sludge 


Sludge 
Average 








Ni 


trogen Rate lb/ac (kg/ha) 








89 (100) 


356 (400) 


1424 (1600) 1424 (1600) 


1424 (1600) 


1424 (1600) 










Soi 1 Cr ug/g 






0-2 ( 0-5) 


26 


d 


25 d 


24 d 931 a 


129 b 


361 


2-4 ( 5-10) 


21 


d 


22 d 


24 d 51 c 


28 d 


34 


4-6 (10-15) 


22_ 


d 


23 d 


22 d 44 c 


.I!* 


30 


Average 


23 




23 


24 342 


60 


142 








Chromium Applied in Sludge, 0.973-'. 


75)jig/g 




0-6 ( 0-15) 








3.5 234 


20 





TABLE 95. Aqua Regia-Extractable Soil Copper, Bromegrass Experiment 
April, 1976. 



Soil 






Source of Nitrogen 






Depth 
in (cm) 


NH4NO3 


Ca-sludge Al-sludge 


Fe-sludge 


Sludge 
Average 






Nitrogen Rate lb/ac (kg/ha) 








89 (100) 


356 (400) 


1424 (1600) 1424 (1600) 


1424 (1600) 


1424 (1600) 








Soi 1 Cu ug/g 






0-2 ( 0-5) 


19 8* 


20 fg 


89 c 148 b 


304 a 


184 


2-4 ( 5-10) 


23 fg 


18 g 


37 de 24 fg 


39 b 


33 


4-6 (10-15) 


17 g 


23 fg 


24 fg 23 fg 


28 bed 


25 


Average 


20 


20 


50 65 


123 


81 






Copper 


Applied in Sludge(1973-75) 


"g/R 




0-6 ( 0-15) 






26 34 


66 





* Values followed by a common letter are not significantly different at 0.05 
probability level by Duncan's Multiple Range Test. 
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TABLE 96. Aqua Regia-Extractable Soil Lead, Bromegrass Experiment. 
April, 1976. 



Soil 








Source of Nitrogen 






Depth 
in (cm) 




Nh\N0 3 


Ca-sludge Al-sludge 


Fe-sl udge 


Sludge 
Average 










Nitrogen Rate lb/ac (kg/ha) 








89 


(100) 


356 (400) 


1424 (1600) 1424 (1600) 


1424 (1600) 


1424 (1600) 










Soi 1 Pb yg/g 






0-2 ( 0-5) 




21 f 


22 f 


52 c 92 b 


360 a 


168 


2-4 ( 5-10) 




20 f 


20 f 


28 e 23 ef 


41 d 


31 


4-6 (10-15) 




20 f 


11 f 


23 ef 2J_ f 


28 e 


24 


Average 




20 


21 


34 46 


143 


74 








Lead Applied in Sludge (1973-75 


)ug/g 




0-6 ( 0-15) 








14 18 


81 
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TABLE 97. Aqua Regia-Extractable Soil Nickel, Bromegrass Experiment. April, 1976. 



Sol 1 Source of Nitrogen 

? ep ^ h v Nh\N0 3 Ca-sludge Al-sludge Fe-sludge Sludge 
m {cm) Average 



Nitrogen Rate Ib/ac (kg/ha) 



89 (100) 356 (400) 1424 (1600) 1424 (1600) 1424 (1600) 1424 (1600) 





Soil Ni 


yg/g 










11 


c 


54 


a 


16 


b 


27 


14 


b 


16 


b 


14 


b 


15 


13 


b 


lit 


b 


J2 


b 


13 


13 




28 




14 




18 



0-2 ( 0-5) 14 b* 14 b 

2-4 ( 5-10) 14 b 13 b 

4-6 (10-15) 12 b 14 b 

Average 14 14 



. , v Nick el Appli ed In Sludge &973-75)*ig/g 

0-6 ( 0-15) ** ^"^ n 

ZJi lg 1JJ 

* Values followed by a common letter are not significantly different at 0.05 
probability by Duncan's Multiple Range Test. 



TABLE 98. NTA-Extractable Soil Nickel, Bromegrass Experiment. April, 1976 



Soil 




Source of Ni trogen 






Depth 
in (cm) 


NH4NO3 


Ca-sludge Al-sludge 


Fe-sludge 


Sludge 
Average 




89 (100) 356 (400) 


Nitroqen Rate Ib/ac (kg/ha) 








1424 (1600) 1424 (1600) 


1424 (1600) 


1424 (1600) 






yg/g Ni 






0-2 ( 0-5) 


0.83 def 0.86 d 


0.79 def "«3 a 


2.13 b 


4.74 


2-4 ( 5-10) 


0.63 fg 0.63 f g 


0.54 g 1.26 c 


0.83 de 


0.88 


4-6 (10-15) 


0.63 fg 0.59 e 


0.52 g 0.92d 


0.64 ft f B 


0.69 


Average 


0.70 0.69 


0.62 4.50 


1.20 


2.10 
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TABLE 99° Aqua Regfa-Extractable Soil Zinc, Bromegrass Experiment 
April, 1976c 



Soil Source of Nitrogen 



? ep * h N NHuNOo Ca-sludge Al-sludge Fe-sludge Sludge 
in ( cm J Average 



Nitrogen Rate Ib/ac (kg/ha) 



89 (100) 356 (400) 1424 (1600) 1*424 (1600) 1424 (1600) 1424 (1600) 



Soi 1 Zn yg/g 
0-2 ( 0-5) 94 e* 96 e 378 b 738 a 
2-4 ( 5-10) 91 e 92 e 177 c 130 d 
4-6 (10-15) 90 e 95 e ill de 114 de 
Average 92 94 224 327 



Zinc Applied in Sludge, (1973-75)ng/g 
0-6 ( 0-15) 96 165 141 



681 


a 


599 


129 


d 


145 


103 


de 


101 


306 




282 



* Values followed by a common letter are not significantly different at 0.05 
probability by Duncan's Multiple Range Test. 



TABLE 100. NTA-Extractable Soil Zinc, Bromegrass Experiment. April, 1976. 



So j 1 ^ Source of Nitrogen 



Depth NH4NO3 Ca-sludge Al-sludge Fe-sludge Sludge 
in (cm) Average 

^ Nitrogen Rate lb/ac (kg/ha) 



89 (100) 356 (400) 1424 (1600) 1424 (1600) 1424 (1600) 1424 (1600) 

yg/g Zn 

0-2 (0-5) 4.6 f 4.5 f 89b 230 a 228 a 182 

2-4(5-10) 3-2 f 3.1 f 30 c 13 e 21 cd 21 

4-6 (10-15) 3>3 f 4.1 £ 15 de Ji e Jl e Jl 

Average 3.7 3-9 45 85 87 72 
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TABLE 101. Aqua Regia-Extractable Soil Mercury, Bromegrass Experiment. 
April, 1976. 



Sol 1 Source of Nitrogen 

?® P ^ m l NH4NO3 Ca-sludge Al -sludge Fe-sludge Sludge 

____________________ _ __»____»_____ Average 



in (cm) 



Nitrogen Rate Ib/ac (kg/ha) 



89 (100) 356 (400) 1424 (1600) 1424 (1600) 1424 (1600) 1424 (1600) 

Soi 1 Hg ng/g 

260 a 252 a 251 a 254 

125 be 57 d 179 b 120 

39 d 26 d 115 c _60 

141 112 181 145 



Mercury Added in Sludge (1973-7 5, )ng/g 
0-6 ( 0-15) 250 143 929 

* Values followed by a common letter are not significantly different at 0.05 
probability level by Duncan's Multiple Range Test. 



0-2 ( 0-5) 


39 d* 


32 d 


2-4 ( 5-10) 


33 d 


22 d 


4-6 (10-15) 


26 d 


29. d 


Average 


33 


28 
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TABLE 102. Heavy Metals and Nutrients Extracted from 0-6 in (0-15 cm) Soil Depth by Aqua Regia in April, 1976 
and Total Amounts Added in Sludge. Corn Experiment, Cambridge. 





NH^NO^ 


Ca-sludge 


Source o 


f Nitrogen 








E lement 


Al -sludge 


Fe-sl udge 


Ca-sludge 


Al -si udge 


Fe-sludge 








f 


Nitrogen Rate 


lb/ac (kg/ha) 










89(100) 


356(^00) 


1*42*4(1600) 


(1*42*4(1600) 


1*42*4(1600) 


1*42*4(1600) 


1*42*4(1600) 


1*42*4(1600) 








EXTRACTED 








ADDED 
































/g soi i - 








P 


0.56c* 


0.56c 


1.52a 


0.97b 


1.33a 


l.*42 


1.72 


2.22 


Ca 


*4.2 b 


k.2 b 


2*4.2 a 


5.5 b 


6.*4 b 


32.7 


2.8 


1.6 


Al 


8.0 a 


8.0 a 


9.2 a 


8.2 a 


8.0 a 


0.3** 


*4.9*4 


0.58 


Fe 


10.7 a 


11.1a 


12.2 a 


10. *4 a 


11.9 a 


0.79 


0.53 


2.92 


Mn 


0.60a 


0.57a 


. 6 I a 


0.57a 


0.55a 


0.05 


0.01 


0.02 


















Cd 


0.51c 


0.7^abc 


0.89ab 


0.61 be 


1.11a 


0.60 


0.56 


0.96 


Cr 


12 c 


15 c 


27 b 


1*4*4 a 


33 b 


7 


256 


*48 


Cu 


22 b 


26 b 


*47 a 


28 b 


*47 a 


26 


33 


6*4 


Ni 


7.6 c 


8.8 be 


11.3 ab 


13-0 a 


9.2 be 


*4.0 


12.8 


3.2 


Pb 


16 d 


18 d 


29 b 


22 c 


*45 a 


19 


18 


76 


Zn 


87 b 


100 b 


182 a 


160 a 


15*4 a 


108 


16*4 


1*48 










- - - - - ng 










Hg 


65 c 


60 c 


17*4 b 


60 c 


258 a 


2*40 


160 


760 



-Values for any one element followed by a common letter are not significantly different at 0.05 probability by 
Duncan's Multiple Range Test. 



TABLE 103. Heavy Metals and Nutrients Extracted from 0-6 in (0-15 cm) Soil Depth by Aqua Regia in April, 1976 
and Total Amounts Added in Sludge. Corn Experiment, Elora« 



\jj 











Source of Nitrog 


en 








Element 


NH/jNO^ 


Ca-sl udge 
1424(1600) 


Al -sludge 
Ni trogen 

1424(1600) 


Fe-sl udge 
Rate lb/ac 


(kg/ha) 


Ca-sludge 


Al-sludge 


Fe-sludge 












39(100) 


356(400) 


1424(1600) 




1424(1600) 


1424(1600) 


1424(1600) 








EXTRACTED 








ADDED 














mg/g soil 
2.05a 








P 


0.68d* 


0.67d 


1.51c 


1 .81 b 




1.21 


1.73 


2.16 


Ca 


1 0. 4 b 


10.5 b 


27.7 a 


9.9 b 


7.8 b 




24.6 


2.0 


1.8 


Al 


15.2 c 


15-9 ab 


14.7 c 


18.0 a 


16.5 ab 




0.46 


1.80 


0.49 


Fe 


20.2 b 


20.4 b 


19.8 b 


20.6 b 


22.9 a 




0.94 


0.24 


2.93 


Mn 


0.74 a 


0.72 a 


0.75 a 


0.72 a 


0.68 a 
fjg/g soi 1 




0.05 


0.01 


0.02 




















Cd 


0.38d 


0.38d 


0.56c 


0.67 b 


1.25a 




0.28 


0.36 


1.07 


Cr 


23 c 


31 c 


27 c 


243 a 


39 b 




3.5 


208 


18 


Cu 


18 e 


21 d 


35 c 


44 b 


66 a 




20.0 


32 


64 


Ni 


14 b 


14 b 


13 b 


25 a 


14 a 




3.4 


10 


1.4 


Pb 


17 c 


19 c 


27 b 


31 b 


79 a 




15 


15 


84 


Zn 


80 d 


89 d 


147 c 


224 a 


183 b 
ng/g soi 1 




96 


136 


136 




















Hg 


35 c 


31 c 


37 c 


113 b 


292 a 




200 


160 


920 



-Values for any one element followed by a common letter are not significantly different at 0.05 probability by 
Duncan's Multiple Range Test. 



TABLE 104. NTA-Extractable Metals from 0-6 in (0-15 cm) Soil Depth in Corn 
Experiments at Cambridge and Elora. April, 1976. 



Meta 



NHuNCh 



Source of Nitrogen 



Ca-sludge 



Al -sludge 



Nitrogen Rate 1 b/ac (kg/ha) 



89 (100) 356 (400) 1424 (1600) 



Fe-sl udge 



1424 (1600) 1424 (1600) 



Cd 
Ni 
Zn 







-- yg/g soi 1 










Cambridge 






0.40 b* 


0.57 b 


0.47 b 


0.49 b 


0.90 a 


0.84 be 


0.87 be 


0.71 c 


3.57 a 


1.40 b 


20 c 


27 c 


51 b 


78 a 


63 ab 



Cd 
Ni 
Zn 



Elora 



0.24 c 


0.27 c 


0.30 c 


0.43 b 


0.90 a 


0.77 be 


0.88 be 


0.61 c 


3.42 a 


1.14 b 


4.9 c 


7.8 c 


31.6 b 


65.7 a 


62.7 a 



* Values followed by a common letter for each element are not significantly 
different at 0.05 probability by Duncan's Multiple Range Test. 



114 



5. GREENHOUSE EXPERIMENT 
5. 1 Objectives 

1) To determine the effects of various sewage sludges on crop 
growtho 

2) To determine the effects of metals in sewage sludge on 
metal uptake by plants,, 

5.2 Materials and Methods 

Nine Ontario sludges were applied to a Grimsby sandy loam soil 
in plots, and ryegrass was grown. Sludges were supplied at 178, 712 and 
]k2k lb N/ac (200, 800 and 1600 kg N/ha) per application. A total of five 
crops of ryegrass were grown and harvested up to March 1976. Sludge was 
applied before seeding of each crop. The results for these crops were 
presented in the 1 97^/75 and 1975/76 reports. 

After the fifth crop was harvested, the soils were limed to 
approximately pH 6.5 if required, and three of the nine sludges were drop- 
ped from the experiment. The six sludges retained were chosen because of 
their high metal content and were added to only half the pots in each 
treatment before each cropping. To the other half of the pots in each 
treatment, no further sludge applications were made. Three crops of rye- 
grass were grown (sixth, seventh and eighth crops). Dates when various 
operations were performed and rates of fertilizers added are presented in 
Table 105. 

5. 3 Results and Discussion 

Chemical analyses of sludges applied to the sixth, seventh and 
eighth crops are presented in Tables 106, 107 and 108. The amounts of 
nutrients and metals added in the sludges in the sixth, seventh and eighth 
applications and the total amounts up to the etgth application are presen- 
ted in Tables 109, 110, 111 and 112. In computing these values, it was 
assumed that a hectare of soil (15 cm deep) contained 2.24 x 10 kg of 

soi 1 . 

To reduce salinity problems, the pots were leached following 
the third, fifth and seventh applications of sludge. The concentrations 
and total amounts of nutrients and metals leached from selected treatments 



115 



are shown in Tables 113 and 114. An appreciable portion of the 
potassium, calcium and boron added was removed by leaching (Table 115). 
Only a small portion of the metals added was removed in the leachates. 
Dry matter yields of the sixth, seventh and eighth crops of 
ryegrass are presented in Tables 116, 117 and 118. In the sixth crop, 
there were apppreciable differences between treatments continuing to 
receive sludge and treatments no longer receiving sludge. Yields were 
higher with the low rate of application where sludge application was 
continuedo Yields of treatments continuing to receive the Fergus sludge 
at high rates were drastically reduced. Yield reductions with continued 
use of the Aurora, Sarnia, and North Toronto sludges at high rates were 
also appreciable. Leaching of the pots prior to growing the seventh crop 
was particularly beneficial to treatments continuing to receive sludge. 
Yields across all sludges were higher where sludge was added than in 
treatments where sludge application had stopped. This was particularly 
noticeable with the Fergus sludge which had markedly depressed yields 
when applied at high rates in earlier crops Due to depletion of soil by 
repeated sampling the plants were grown in smaller pots for the eighth 
crop, and average trial yields should therefore not be compared with 
previous crops. The low light intensity in October and November when 
this crop was grown is no doubt also a factor affecting yields. 
Supplemental lighting was provided but is believed to be insufficient 
when compared with summer conditions„ 

Continuing high rates of application of the Fergus sludge once 
again depressed yields in the eighth crop. Treatments receiving sludge 
at 200 kg N/ha from crops one to five but not thereafter gave the highest 
yields in the eighth crop following application of supplemental nitrogen. 
This particular set of treatments had the lowest ryegrass yields in the 
seventh crop, probably because of insufficient nitrogen following the 
leaching. 

Ni trogen concentration in ryegrass for crops six, seven and 
eight are presented in Tables 119, 120 and 121. Nitrogen concentration 
generally increased with rates of sludge application. Sludge applied at 
the 1600 kg N/ha rate for the first five crops appears to still supply 
more than adequate nitrogen to the eighth crop. The nitrogen concentra- 
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tion in the crop has dropped where 800 kg N/ha was supplied in sludge for 
the first five crops 

Phosphorus concentration was quite high in all treatments. Data 
for crop seven are presented in Table 122. The Midland sludge supplied 
the most phosphorus, more than three times the amount supplied by the 
Aurora sludge (Table 110). Plant phosphorus concentration bore no rela- 
tion to the phosphorus supplied in sludge. 

Potassium concentrations in the seventh and eighth crops are 
presented in Tables 123 and 12*4 and are quite high, even after leaching 
in the seventh crop. 

Ca 1 c i urn concentrations were relatively high and did not appear 
to be related to amounts added in sludges (Tables 125 and 126). With few 
exceptions, sludge treatments reduced plant calcium in comparison with 
the check treatment. 

Magnesium concentrations were quite high, particularly where 
the Midland sludge continued to be added at high rates (Tables 127 and 
128). Leaching prior to growing the seventh crop reduced the magnesium 
concentrations slightly. 

Manganese concentrations were quite high with some treatments 
receiving the Fergus sludge (Tables 129 and 130). The treatment receiving 
the Fergus and North Toronto sludges at 1600 kg N/ha at the first applica- 
tion only had higher plant Mn concentration than the treatment that 
received the sludge at the same rate for every crop (one to eight). 

Iron concentrations for the eighth crop are given in Table 131. 
The concentrations were quite similar to those in the sixth and seventh 
crops. The treatment receiving the Fergus sludge at 1600 kg N/ha for 
crops one, six, seven and eight has the lowest Fe/Mn ratio (1:21). 

Boron concentrations built up in the ryegrass with repeated 
applications of sludge, in particular the Midland sludge which supplied 
the most boron (Tables 132, 133 and 13*0. The high boron concentrations 
from the Midland sludge apparently did not affect yields (Table 11*4). 
Leaching the pots before growth of the seventh crop of ryegrass greatly 
reduced the boron concentration, but it built up again in the eighth 
crop to levels approximately that of the sixth crop. 
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Cadmium concentrations in the sixth, seventh and eighth crops 
of ryegrass are presented in Tables 135, 136 and 137. Cadmium concen- 
tration in the ryegrass from the check treatment was higher or as high as 
that from the sludge treatments with the exception of the Guelph and 
Sarnia sludges. These two sludges supplied much more cadmium than the 
other sludges. Stoppage of application of the Sarnia sludge to half of 
the pots after the fifth crop reduced the Cd concentrations in ryegrass 
in the sixth, seventh and eighth crops. Omission of Guelph sludge in the 
sixth crop resulted in cadmium concentrations that were higher than in 
ryegrass that had continued to receive sludge applications. Indeed a 
similar trend was observed with the Aurora, Fergus and North Toronto 
sludges, as with the Guelph sludge. Cadmium concentration in ryegrass 
treated with sludge at 1600 kg N/ha only in the first application was 
high in relation to the average Cd concentration for treatments with con- 
tinued application of sludges. The reason for the above observations is 
not understood but may be associated with the gradual breakdown of 
components binding Cd in the sludge after a lag period following stoppage 
of sludge application. The check value for plant Cd appears relatively 
high, and in comparison, the Midland and Aurora sludges appear to reduce 
plant Cd. Cadmium concentrations in all eight crops of ryegrass receiving 
the Guelph and North Toronto sludges are presented in Table 1 38. There 
was a tendency for cadmium concentration in the ryegrass to increase 
slightly from crop to crop, but this tendency was present in the control 
treatment as well as in those receiving sludge, and hence cannot be 
attributed to the increasing cadmium content of the soil from crop to 
cropo There is not a consistent pattern of lower cadmium content in the 
third, fifth and seventh crops after leaching. 

Chromium concentrations in the sixth and eighth crops of rye- 
grass are presented in Table 139 and 1^0, and they are relatively low and 
constant from crop to crop. In the eighth crop, the Aurora and Fergus 
sludges which supplied the largest amounts of chromium also resulted in 
the highest chromium concentration in the ryegrass. Although some other 
treatment effects were significant, the differences were relatively small 

Copper concentration in the ryegrass increased with sludge 
application rate (Tables 1*1, 1^2 and 143) - Treatments receiving the 
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Fergus sludge had very high concentrations of plant copper, particularly 
where high rates of sludge were applied. The severe depression of yield 
caused by high rates of the Fergus sludge is believed to be due, in part 
at least, to copper toxicity* Treatments that did not receive sludge 
after the fifth crop, tended to produced a slight reduction in plant 
copper content relative to the treatments receiving sludge. This was 
most marked in the eighth crop. 

Copper concentrations in all eight crops of ryegrass receiving 
the Sarnia and North Toronto sludges (sludges of moderate copper content) 
are presented in Table \kk. There was a tendency for copper content to 
be lower in the ryegrass in the first crop after leaching in treatments 
receiving sewage sludge. There was no apparent increase in copper 
concentration from crop to crop with sludge application in spite of the 
increasing copper concentration in the soil. 

Nickel concentrations in the sixth, seventh and eighth crops of 
ryegrass are presented in Tables 145, 1^6 and 1^7. They are relatively 
high in ryegrass that received the Midland and Fergus sludges. 

The Midland sludge supplied very large amounts of Ni; the Fergus 
sludge did not supply appreciably more Ni than the other sludges (Tables 
109, 110 and 111) but resulted in much higher Ni concentration in the 
ryegrass. High nickel concentration, however, did not appear to be toxic 
to the ryegrass in treatments receiving the Midland sludge, with the 
possible exception of the eighth crop (Table 118). Treatments that did 
not receive sludge after the fifth crop tended to have slightly lower 
plant Ni concentration than treatments that continued to receive sludge. 

Nickel concentrations in all eight crops of ryegrass receiving 
the Midland and North Toronto sludges (the highest and lowest nickel 
contents of the sludge studied) are presented in Table 148„ Leaching of 
the soil before the third, fifth and seventh crops of ryegrass did not 
appear to affect the nickel concentration in the ryegrass. Neither was 
there any tendency for nickel concentration to increase from crop to crop. 

Lead concentrations were low and fairly constant from crop to 
crop (Tables 149 and 150). Omitting sludge application after the fifth 
crop reduced slightly the Pb concentration in ryegrass. 
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Zinc concentrations were quite high in ryegrass from treatments 
receiving the Sarnia, Fergus, Guelph and, to a lesser extent, the North 
Toronto sludges (Tables 151, 152 and 153). The Sarnia and Fergus sludges 
supplied large amounts of zinc, with Midland and Guelph supplying consi- 
derably less but still appreciably more than North Toronto or Aurora 
sludges (Tables 109, HO and 111). Omitting application of sludge after 
the fifth crop reduced the Zn content in the plants compared to treatments 
continuing to receive sludges. Zinc concentrations in ryegrass receiving 
the Fergus sludge were nearly as high as the zinc concentrations in 
ryegrass receiving the Sarnia sludge, although the Fergus sludge supplied 
only about half as much zinc. Treatments receiving sludge at 1600 kg 
N/ha only in the first application had higher Zn concentrations than 
treatments receiving 200 kg N/ha of sludge per application for eight 

crops. 

Zinc concentrations in all eight crops of ryegrass receiving 
continued applications of the Sarnia and North Toronto sludges (supplying, 
respectively, the greatest and a relatively small amount of zinc) are 
presented in Table 15*+. The last two leachings of the soil appear to hav 
resulted in some reduction in zinc concentration in treatments receiving e 
sludge, but this was not apparent with the first leaching (crop three). 
There was a tendency for zinc concentration in the ryegrass to increase 
from the fifth to the eighth crop on treatments receiving sewage sludge. 

Mercury concentration was determined in the ryegrass from 
selected treatments, and sludge application appeared to have little or 

no effect (Table 155). 

Molybdenum concentration was determined in the ryegrass from 
selected treatments. Sludge application increased Mo concentration in 
ryegrass (Table 156). The Guelph sludge added the most molybdenum, 
followed closely by the Midland sludge. Stopping the application of 
sludge after the fifth crop reduced slightly the Mo concentration in the 
eighth crop of ryegrass, but not in the sixth or seventh crop. 

Selenium concentration was determined in ryegrass from selected 
treatments (Table 157). The data are too variable to show whether sludge 
had an effect on Se levels in the ryegrass. 
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S.k Summary and Conclusions 

Continued application of most sludges reduced yields of ryegrass 
either through excess salinity, or metal toxicity or both. Leaching 
prior to cropping reduced these problems, and increased yields. Boron 
and nickel concentrations were high in ryegrass receiving the Midland 
sludge, but did not appear to have toxic effects. Omitting the applica- 
tion of sludge after the fifth crop reduced the plant Cd content with two 
sludges (Midland and Aurora), but generally increased the plant Cd content 
with the other sludges. Stopping the application of sludge reduced slightly 
the Cu, Ni , Pb and Zn concentrations in succeeding crops. However, there 
is evidence that where a high metal sludge had been applied previously at 
a high rate, the breakdown of sludge constituents after a lag period may 
release the metal in appreciable amounts. The metal concentrations in 
ryegrass receiving different sludges did not always correspond to the 
amount of metal added- The metals in different sludges, therefore, 
differ in availability because they are in different chemical forms, or 
because their uptake is influenced by other factors which differ from one 
sludge to another. 

With the possible exception of zinc there was no indication of 
consistent increase in metal concentration in the ryegrass from one crop 
to the next even with continued applications of sludge. 
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TABLE 105. Crop Management Schedule, Greenhouse Experiment, 1976. 



Operation 6th Crop 7th Crop 8th Crop 



Sludge application April 18 July 2 Sept. 2k 

completed 

Leaching completed July 13 

Potassium chloride added 50 kg K/ha 100 kg K/ha 

to all treatments date April 23 date July 21 

Potassium chloride added 50 kg K/ha 

to treatments not receiv- date Oct. 7 

ing sludge 

Ammonium nitrate added to 50 kg N /ha 50 kg N/ha 50 kg N/ ha 

check plots and those re- date April 23 date July 21 date Oct. 7 

ceiving only one sludge ap- date May 3 date Aug. 2 date Oct. 18 

plication. date May 11 date Aug. 9 date Oct. 25 

date May 17 date Aug. 16 date Nov. 2 

Ammonium nitrate added 50 kg N/ha 

to treatment receiving date Oct. 

200 kg N/ha from sludge date 0ct - 18 

for first five crops 

Ryegrass seeded April 23 July 21 Oct. 7 

Ryegrass harvested May 28 Aug. 27 Nov. 12 



122 



TABLE 106. Chemical Analysis of Sludges Used in Greenhouse for 6th 
Crop of Ryegrass (Fluid Basis). 



Aurora Midland Sarnia Guelph Fergus N. Toronto 
PH 7.5 7.2 J £ T.k 7.2 7.7 

mg/ml 



Sol ids 


19 


131 


118 


117 


32 


70 


Total N 


0.6 


1.3 


2.2 


3.5 


2.0 


3.0 


Soluble & 
Exch. Nh^-N 


0.05 


0.16 


0.42 


1.24 


0.93 


0.99 


P 


0.3 


3.0 


2.0 


3-3 


1.3 


2.7 


K 


0.1 


0.3 


0.5 


0.3 


0.1 


0.3 


Ca 


1.1 


10.9 


5.2 


7.8 


1.6 


2.5 


Mg 


0.1 


0.8 


1.0 


1.1 


0.4 


0.4 


Na 


0.33 


0.16 


0.18 


0.20 


0.18 


0.19 


Al 


1.50 


2.75 


0.60 


1.00 


0.07 


0.42 


Fe 


0.2 


2.4 


10.0 


4.1 


2.7 


5.3 










yg/ml 






Cu 


7 


70 


58 


421 


336 


112 


Zn 


12 


262 


1770 


878 


672 


333 


Mn 


5 


51 


484 


33 


8 


32 


Cd 


0.1 


1.6 


10.3 


24.6 


0.3 


2.0 


Cr 


219 


177 


24 


445 


126 


33 


Ni 


2 


196 


4 


14 


6 


2 


Pb 


7 


104 


531 


187 


8 


175 


Mo 


0.5 


2.5 


3.9 


11.4 


0.5 


2.7 


B 


0.49 


3.01 


1.65 


2.69 


0.77 


0.91 


Hg 


0.03 


1.31 


0.57 


1.83 


0.24 


1.40 


Se 


0.036 


0.186 


<0.001 


0.335 


<0.001 


<0.001 
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TABLE 107- Chemical Analysis of Sludges used in Greenhouse for 7th 
Crop of Ryegrass (Fluid Basis). 



Aurora Midland Sarnia Guelph Fergus N. Toronto 

pH 7.4 7.4 7.4 7.6 6.4 7.4 

mg/ml 

Solids 20 108 48 38 70 66 

Total N 0.60 0.85 1.10 1.14 2.25 2.55 

Ex^'nh'-N °-' 2 «•" °-* 6 °"*9 °- 81 °-9 8 

P 0.40 1.95 0.80 1.30 1.90 2.00 

K 0.06 0.06 0.12 0.09 0.11 0.21 

Ca 0.8 17.5 1.9 2.5 3.5 2.5 

Mg 0.09 1.51 0.42 0.29 0.72 0.42 

Na 0.27 0.22 0.14 0.21 0.37 0.25 

Al 1.86 0.82 0.33 1.57 0.27 0.70 

Fe 0.17 0.92 3.48 1.05 3.33 4.40 









ug/nr 


il 






Cu 


17 


36 


31 


87 


910 


87 


Zn 


22 


159 


678 


192 


1367 


199 


Mn 


5.0 


27.0 


64.5 


11.5 


15.5 


26.5 


Cd 


0.05 


0.48 


5.95 


3.35 


0.49 


1.39 


Cr 


270 


75 


11 


69 


394 


38 


Ni 


5 


229 


1 


3 


15 


2 


Pb 


8 


38 


198 


61 


15 


121 


Mo 


0.55 


1.67 


2.22 


2.22 


1.67 


2.77 


B 


0.45 


2.48 


1.05 


0.92 


1.54 


1.20 


Hg 


0.06 


1.20 


0.43 


0.41 


0.32 


1.43 


Se 


0.05 


0.10 


<0.001 


0.15 


0.09 


<0.001 
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TABLE 108. Chemical Analysis of Sludges used in Greenhouse for 8th 
Crop of Ryegrass (Fluid Basis). 



Aurora Midland Sarnia Guelph Fergus N. Toronto 
pH 8.1 8.4 8.2 7.6 8.0 7.5 

mg/ml 



Solids 


19 


150 


63 


54 


56 


65 


Total N 


0.2 


1.1 


1.2 


1.6 


2.4 


2.9 


Soluble 6 
Exch. NH^-N 


0.01 


0.07 


0.14 


0.26 


1.00 


0.90 


P 


0.3 


3.2 


1.5 


2.2 


1.8 


3.1 


K 


0.1 


0.1 


0.2 


0.2 


0.2 


0.3 


Ca 


0.6 


27.4 


2.2 


3.6 


3.2 


2.7 


Mg 


0.1 


1.7 


0.6 


0.3 


0.6 


0.4 


Na 


0.35 


0.23 


0.13 


0.19 


0.37 


0.17 


Al 


2.70 


0.86 


0.31 


2.16 


0.16 


0.72 


Fe 


0.21 


1.50 


5.64 


1.62 


2.97 


5.06 








yg/ml 






Cu 


14 


62 


39 


164 


952 


104 


Zn 


25 


263 


972 


288 


1344 


222 


Mn 


5 


41 


207 


18 


15 


32 


Cd 


0.06 


0.67 


8.15 


5.12 


0.42 


1.69 


Cr 


261 


74 


13 


100 


336 


32 


Ni 


5 


331 


3 


5 


15 


2 


Pb 


9 


61 


276 


92 


14 


124 


Mo 


O.38 


1.88 


2.35 


2.02 


0.56 


2.61 


B 


0.35 


3.45 


1.38 


1.02 


1.34 


1.11 


Hg 


0.52 


1.13 


0.35 


0.38 


0.26 


1.31 


Se 


0.045 


0.15 


<0.001 


0.224 


0.034 


<0.001 
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TABLE 109. Total Amounts of Nutrients and Metals Added in 6th 
Application of Sludge at 200 kg N/ha to Greenhouse 
Experiment. 





Aurora 


Midland 


Sarnia 


Guelph 


Fergus 


N. Toronto 








kg/h 


a 






Sol ids 


6333 


20153 


10727 


6685 


3200 


4667 


Total N 


200 


200 


200 


200 


200 


200 


Soluble & 
Exch. NH^-N 


17 


25 


38 


71 


93 


66 


P 


100 


461 


180 


189 


130 


180 


K 


33 


46 


45 


17 


10 


20 


Ca 


367 


1677 


473 


446 


160 


167 


Mg 


33 


123 


91 


63 


40 


27 


Na 


110 


25 


16 


11 


18 


13 


Al 


500 


423 


55 


57 


7 


28 


Fe 


68 


369 


909 


234 


270 


353 


Cu 


2.3 


10.8 


5.3 


24.1 


33.6 


7.5 


Zn 


k 


40 


161 


50 


67 


22 


Mn 


1.7 


7.9 


43.9 


1.9 


0.8 


2.1 


Cd 


0.03 


0.25 


0.94 


1.41 


0.03 


0.13 


Cr 


72.9 


27.2 


2.2 


25.4 


12.6 


2.2 


Ni 


0.7 


30.2 


0.4 


0.8 


0.1 


0.1 


Pb 


2.3 


16.0 


48.3 


10.7 


0.8 


11.7 


Mo 


0.17 


0.38 


0.35 


0.65 


0.05 


0.18 


B 


0.16 


0.47 


0.15 


0.15 


0.08 


0.06 


Hg 


0.01 


0.20 


0.05 


0.10 


0.03 


0.09 


Se 


0.01 


0.03 


<0.0001 


0.02 


<0.0001 


<0.0001 
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TABLE 110. Total Amounts of Nutrients and Metals Added In 7th 
Application of Sludge at 200 kg N/ha to Greenhouse 
Experiment. 





Aurora 


Midland 


Sam ia 


Guelph 


Fergus 


N. Toronto 








kg/ha 






Sol ids 


6666 


25411 


8727 


6666 


6222 


5176 


Total N 


200 


200 


200 


200 


200 


200 


Soluble & 
Exch. NHfc-N 


40 


4o 


83 


86 


72 


77 


P 


133 


459 


145 


228 


167 


157 


K 


20 


\k 


22 


16 


10 


17 


Ca 


267 


4118 


345 


439 


311 


195 


Mg 


30 


355 


76 


51 


64 


33 


Na 


90 


52 


25 


37 


33 


20 


Al 


620 


193 


60 


275 


24 


55 


Fe 


57 


216 


633 


184 


296 


345 


Cu 


6 


9 


6 


15 


81 


7 


Zn 


7 


37 


123 


34 


122 


16 


Mn 


1.7 


6.4 


11.8 


2.0 


1.4 


2.1 


Cd 


0.02 


0.11 


1.08 


0.59 


0.04 


0.11 


Cr 


90 


18 


2 


12 


35.0 


3 


Ni 


1.7 


54.0 


0.2 


0.5 


1.3 


0.2 


Pb 


2.7 


8.9 


36.0 


10.7 


1.3 


9.5 


Mo 


0.18 


0.39 


0.40 


0.39 


0.15 


0.22 


B 


0.15 


0.58 


0.19 


0.61 


0.14 


0.09 


Hg 


0.02 


0.28 


0.08 


0.07 


0.03 


0.11 


Se 


0.017 


0.023 


<0.0002 


0.026 


0.008 


<0.0001 
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TABLE 111. Total Amounts of Nutrients and Metals Added in 8th 
Application of Sludge at 200 kg N/ha to Greenhouse 
Experiment . 





Aurora 


Midland 


Sarnia G 


uelph 


Fergus 


N. Toronto 








kg/ha 








Sol ids 


19000 


27272 


10500 


6750 


4666 


4482 


Total N 


200 


200 


200 


200 


200 


200 


Soluble & 
Exch. NH^-N 


10 


13 


23 


33 


83 


62 


P 


300 


581 


250 


275 


150 


214 


K 


100 


18 


33 


25 


17 


21 


Ca 


600 


4982 


367 


450 


267 


186 


Hg 


100 


309 


100 


38 


50 


28 


Na 


350 


42 


22 


24 


31 


12 


Al 


2700 


156 


52 


270 


13 


50 


Fe 


210 


272 


340 


202 


247 


349 


Cu 


1.4 


11.3 


6.5 


20.5 


79.0 


7.2 


Zn 


3 


48 


162 


36 


112 


15 


Mn 


0.5 


7.5 


3^.5 


2.3 


1.3 


2.2 


Cd 


0.01 


0.13 


1.36 


0.64 


0.04 


0.12 


Cr 


26.0 


13.5 


2.2 


12.5 


27.9 


2.2 


Ni 


0.5 


60.2 


0.5 


0.6 


1.3 


0.2 


Pb 


0.9 


11.1 


46.0 


11.5 


1.2 


8.6 


Mo 


0.04 


0.34 


0.39 


0.25 


0.05 


0.18 


B 


0.04 


0.63 


0.23 


0.13 


0.11 


0.08 


Hg 


0.05 


0.21 


0.06 


0.05 


0.02 


0.09 


Se 


0.01 


0.03 


<0.0001 


0.03 


0.01 


<0.0001 
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TABLE 112. Total Amounts of Nutrients and Metals Added to Soil in Greenhouse 

Experiment in Eight Crops in Sludge at 200 kg N/ha per Application. 





Aurora 


Midland 


Sarni a 


Guelph 


Fergus 


N. Toronto 








kg/ha 






Sol ids 


55,100 


153,500 


66 , 700 


45,100 


31,600 


35,800 


Total N 


1 ,600 


1,600 


1,600 


1,600 


1,600 


1,600 


Soluble & 
Exch. NhyN 


368 


254 


484 


589 


710 


543 


P 


1,090 


4,020 


1,510 


1,950 


931 


1,500 


K 


219 


197 


264 


135 


98 


135 


Ca 


2,770 


28,400 


2,850 


2,730 


1,760 


1,450 


Mg 


325 


1,530 


690 


390 


390 


230 


Na 


640 


260 


114 


200 


293 


99 


Al 


5,640 


1 ,660 


376 


1,075 


107 


381 


Fe 


500 


1,540 


4,600 


1,235 


1,640 


2,630 


Cu 


21 


63 


48 


131 


282 


51 


Zn 


36 


223 


846 


273 


516 


113 


Mn 


11 


45 


169 


12 


8 


15 


Cd 


0.21 


0.91 


6.4 


9.0 


0.60 


1.04 


Cr 


377 


117 


1 1 


131 


121 


20 


Ni 


7-3 


354 


2.3 


4.2 


5-7 


1.2 


Pb 


13 


87 


256 


64 


11.0 


70 


Mo 


0.64 


1.92 


1.65 


3.0 


0.40 


1.12 


B 


2.7 


6.1 


1.7 


1.9 


1.1 


0.9 


Hg 


0.13 


1.2 


0.39 


0.42 


0.13 


0.70 


Se 


0.84 


0.58 


O.002 


1.18 


0.026 


0.010 



129 



TABLE 113. Concentration of Nutrients and Heavy Metals in Leachate from Selected Treatments 
before 7th Crop of Ryegrass 



o 



Sludge 


Rate 
(kg N/ha) 


NH.-N 
4 


NO -N 


P_ 


K 


Ca_ 


Mg 


Fe 


Mn_ 


















mg/1 












Aurora 


1600 


6.0 


248 


0.38 


35 


440 


49 


0.025 


0.45 


Midland 


1600 


1.5 


60 


o.$k 


6.5 


103 


43 


0.05 


<0.01 


Sarnia 


1600 


6.3 


233 


0.45 


14 


392 


89 


0.015 


3.0 


Guelph 


200 


3.5 


30 


1.25 


5.2 


128 


24 


0.02 


0.30 




800 


4.7 


93 


0.68 


7.8 


201 


38 


0.02 


0.42 




1600 


4.8 


175 


0.63 


17 


417 


73 


0.27 


1.13 




1600* 


33 


118 


0.91 


19 


260 


41 


0.06 


1.53 


Fergus 


200 


3.3 


16 


1.45 


3.5 


95 


14 


<0.01 


0.15 




800 


35 


150 


1.48 


19 


271 


43 


0.23 


1.86 




1600 


42 


165 


1.71 


36 


333 


55 


0.21 


7.79 




1600* 


62 


255 


1.43 


32 


392 


69 


0.16 


14.2 


N. Toronto 


200 


4.1 


20 


1.52 


4.2 


96 


12 


0.01 


0.21 




800 


24 


183 


1.50 


14 


297 


55 


0.015 


2.95 




1600 


2k 


150 


1.98 


18 


280 


57 


0.10 


5.10 




1 600* 


62 


248 


1.13 


22 


392 


60 


0.13 


13.3 



* Sludge applied once to first crop, but not to crops 2,3,4 and 5 
Leached after addition of sludge before growing the 7th crop. 



TABLE 113 (Cont'd) 



SI udge 


Rate 


Cu 


Zn_ 


£1 


£l 


11 


Pb 


B_ 










yg/1 










Aurora 


1600 


171 


73 


3.8 


17.8 


65 


12.5 


520 


Midland 


1600 


161 


39 


<1 


3.2 


460 


5.3 


420 


Sarnia 


1600 


160 


2479 


24 


8.3 


35 


7.3 


310 


Guelph 


200 


232 


75 


8.8 


6.3 


35 


5.3 


146 




800 


257 


119 


16.3 


6.5 


45 


10.0 


125 




1600 


426 


292 


49 


10.4 


70 


23 


270 




1600* 


402 


115 


17.5 


10.4 


70 


12.5 


250 


Fergus 


200 


192 


64 


1.7 


6.3 


20 


5.1 


<40 




800 


867 


1475 


6.1 


9.4 


105 


8.3 


270 




1600 


2980 


4302 


11.3 


14.6 


245 


10.4 


420 




1 600* 


1854 


3302 


21.5 


13.6 


175 


15.6 


210 


N. Toronto 


200 


76 


33 


1.4 


4.2 


10 


5.3 


40 




800 


171 


354 


7.9 


7.3 


40 


6.3 


167 




1600 


315 


721 


11.3 


7.3 


60 


10.4 


313 




1600* 


183 


560 


18.3 


25.0 


60 


12.5 


125 



TABLE 114. Total Amounts of Nutrients and Heavy Metals Leached from Selected Treatments 
before 7th Crop of Ryegrass 



to 



Sludge 


Rate 
kg N/ha 


NO -N 


NhyN 


K 


P 


Mg 


Fe 


Ca 


B 










kg /ha 












Aurora 


1600 


557 


13 


80 


0.84 


109 


.06 


991 


1.17 


Midland 


1600 


126 


3 


14 


2.07 


101 


.10 


216 


0.92 


Sarnia 


1600 


545 


15 


34 


1.06 


213 


.05 


935 


0.73 


Guel ph 


200 


71 


8 


12 


2.97 


56 


.05 


304 


0.35 




800 


244 


13 


20 


1.79 


99 


.04 


528 


0.33 




1600 


m 


13 


47 


1.74 


200 


.77 


1153 


0.75 




1600* 


329 


91 


54 


2.58 


114 


.17 


728 


0.70 


Fergus 


200 


3« 


8 


8 


3.47 


34 


.02 


231 


0.10 




800 


374 


86 


49 


3.70 


108 


.31 


672 


0.67 




1600 


378 


95 


81 


3.92 


127 


.47 


762 


0.96 




1600* 


774 


151 


78 


3.36 


170 


.39 


958 


0.52 


North Toronto 


200 


45 


1 


10 


3.64 


29 


.02 


230 


0.10 




800 


447 


60 


30 


3.70 


133 


.04 


728 


0.41 




1600 


389 


63 


47 


5.15 


148 


.25 


728 


0.81 




1600* 


570 


142 


51 


2.58 


138 


.30 


90 


0.29 



TABLE 114. (Cont'd) 






Sludge 


Rate 
kg N/ha 


Mn 


Cu 


Zn 


Ni 


Cd 


Cr 


Pb 
















— a/ha — 


















Aurora 


1600 


1.01 


0.39 


0.16 


0.15 


8 


40 


28 


Midland 


1600 


0.02 


0.34 


0.08 


0.98 


2 


7 


117 


Sarnia 


1600 


7.05 


0.38 


5.82 


0.08 


56 


20 


17 


Guelph 


200 


0.70 


0.55 


0.18 


0.08 


21 


15 


12 




800 


1.10 


0.67 


0.31 


0.12 


43 


17 


26 




1600 


3.13 


1.18 


0.81 


0.19 


136 


29 


64 




1600* 


4.28 


1.13 


0.32 


0.20 


49 


29 


35 


Fergus 


200 


0.35 


0.46 


0.15 


0.05 


k 


15 


12 




800 


4.63 


2.16 


3.67 


0.25 


15 


24 


19 




1600 


17.81 


6.83 


9.86 


0.56 


26 


33 


29 




1600* 


34.66 


4.54 


8.06 


0.43 


52 


33 


38 


North Toronto 


200 


0.50 


0.18 


0.08 


0.02 


3 


10 


12 




800 


7.22 


0.42 


0.87 


0.10 


20 


18 


16 




1600 


13.27 


0.82 


1.86 


0.16 


29 


19 


27 




1600* 


30.41 


0.42 


1.29 


0.14 


42 


57 


29 



* Sludge applied once to first crop, but not to crops 2, 3, 4 and 5. 



TABLE 115. Total Amount of Nutrients and Heavy Metals Leached from Selected Treatments before 7th 
Crop of Ryegrass, Expressed as Percentage of Amount Added in 7th Application. 



S 1 udge 


N-rate 
(kg N/ha) 


(mo^+hhJ-n 


K 


P 


Mg 


Fe 


Ca 


B 


Aurora 


1600 


35.6 


50 


0.08 


45 


.01 


46 


130 


Midland 


1600 


8.1 


19 


0.06 


3-6 


.005 


0.67 


20 


Sa m i a 


1600 


35.0 


19 


0.09 


35 


.001 


33.8 


48 


Guelph 


200 


39.5 


75 


1.30 


109 


.027 


69 


57 




800 


32.1 


31 


0.19 


48 


.005 


30 


13.5 




1600 


31.0 


37 


0.09 


49 


.05 


33 


15.3 




1600* 


26.3 


42 


0.14 


28 


.01 


21 


14.3 


Fergus 


200 


23.0 


80 


2.08 


53 


.007 


74 


71 




800 


57.5 


122 


0.55 


42 


.026 


54 


120 




1600 


29.5 


101 


0.29 


45 


.020 


46 


85 




1600* 


57.8 


98 


0.25 


33 


.016 


38 


46 


N. Toronto 


200 


23.0 


59 


2.32 


87 


.005 


118 


111 




800 


63.4 


44 


0.59 


100 


.003 


93 


113 




1600 


28.3 


35 


0.41 


56 


.009 


47 


112 




1600* 


44.5 


37 


0.21 


52 


.01 


6 


40 



*Sludge applied once to first crop, but not to crops 2, 3, 4 and 5. 



TABLE 115- (Cont'd) 



VJ1 



SI udge 


N-rate 
(kg N/ha) 


Mn 


Cu 


Zn 


Ni 


Cd 


Cr 


Pb 


Aurora 


1600 


7-3 


0-81 


0.29 


0.11 


5 


0.005 


0.13 


Midland 


1600 


0.0*4 


0.50 


0.03 


0.23 


0.20 


0.005 


0. 16 


Sarnia 


1600 


7.5 


0.80 


0.59 


5.0 


0.60 


0. 125 


0.006 


Guelph 


200 


35 


3-7 


0.53 


2.0 


3-5 


0.125 


0.11 




800 


1*4 


1 .1 


0.23 


6.0 


1.8 


0.04 


0.06 




1600 


20 


0.98 


0.29 


4.8 


2.9 


0.03 


0.07 




1600* 


27 


0.94 


0.12 


5.0 


1.04 


0.03 


0.04 


Fergus 


200 


25 


0.56 


0. 12 


3.8 


10.0 


0.04 


0.9 




800 


83 


0.61 


0.75 


4.8 


9-3 


0.02 


0.37 




1600 


16 


0.40 


1.01 


5.4 


8.1 


0.01 


0.28 




1600* 


31 


0.60 


0.83 


4.1 


16.3 


0.01 


0.36 


N . To ron to 


200 


23 


2.6 


0.50 


10 


2.7 


0.33 


0. 13 




800 


86 


1.5 


1.40 


12.5 


4.5 


0.15 


0.04 




1600 


79 


1.5 


1.45 


10.0 


3.3 


0.08 


0.04 




1600* 


181 


0.80 


1.00 


8.8 


4.8 


0.24 


0.04 



"Sludge applied once to first crop, but not to crops 2, 3, 4 and 5. 



TABLE 116. Dry Matter Yield of 6th Crop of Ryegrass After Addition of Sewage Sludge Before 
Each of the First Five Crops. 



O^ 





Sludge Not 


Added Be 


fore 6th 


Crop 


SI 


udge Added Befo 


re 6 th C 


rop 




SI udge 


178 
(200) 


712 
(800) 


1424 
(1600) 


N rate 
1424* 
(1600) 


lb/ac 
Mean 


(kg/ha) 
178 
(200) 


712 
(800) 


1424 
(1600) 


1424* 
(1600) 


Mean 


Mean 












D.M. 


g/pot 












None 






















4.39 


Aurora 


3.40 


3.38 


3.67 


4.41 


3.71 


4.17 


3.47 


2.27 


2.12 


3.01 


3.36 


Midland 


3.19 


2.92 


2.76 


3.98 


3-21 


2.74 


3.00 


4.19 


3-40 


3.33 


3.27 


Sarn ia 


3-11 


3-51 


3-41 


4.45 


3.61 


4.62 


3.61 


2.78 


4.21 


3.81 


3.71 


Guelph 


2.77 


3.12 


2.93 


3.55 


3.09 


3.52 


4.08 


3.24 


3-74 


3.64 


3.37 


Fergus 


3.68 


4.72 


2.55 


5.05 


4.00 


4.86 


3.04 


0.24 


1 .10 


2.31 


3.16 


N. Toronto 


3.57 


3-56 


4.37 


5.32 


4.21 


4.25 


5.03 


3.08 


3.00 


3.84 


4.02 



Mean 



3.29 3-54 3-28 4.46 



3.64 



4.03 3.71 2.63 2.93 



3.32 



3.48 



*Sludge was added before the first crop but not before crops 2,3,4 and 5 
Significance of "F" test at 0.05 and 0.01 probability 



Sludge source - N.S. 

Sludge rate - .01 

Sludge addition - .01 



Source x rate - .01 

Source x addition - .01 

Addition x rate - .01 

Source x rate x addition - .01 






TABLE 117. Dry Matter Yield of 7th Crop of Ryegrass After Addition of Sewage Sludge Before 
Earch of the First Five Crops. 



Sludge 



Sludge Not Added Since 5th Crop 



Sludge Added Before 5th Crop 



N rate lb/ac (kg/ha) 
178 712 1424 1424* 178 712 1424 1424* 

(200) (800) (1600) (1600) Mean (200) (800) (1600) (1600) Mean 



Mean 













D.M. 


G/Pot 












None 






















5.45 


Aurora 


1.55 


3.25 


4.55 


4.60 


3.49 


3.40 


5.35 


6.35 


6.75 


5.46 


4.48 


Midland 


2.85 


4.05 


4.65 


4.35 


3.98 


2.35 


4.25 


6.85 


5.50 


4.74 


4.36 


Sarnia 


1.95 


3.45 


4.00 


5.35 


3.69 


2.95 


5.10 


7.15 


4.30 


4.88 


4.28 


Guelph 


1.90 


2.95 


4.20 


4.00 


3.26 


2.90 


3.35 


5.00 


6.45 


4.43 


3.84 


Fergus 


1.95 


3.35 


3.45 


4.85 


3.40 


2.55 


4.40 


4.50 


4.50 


3.99 


3.69 


N. Toronto 


1.70 


3.10 


3.80 


3.65 


3.06 


2.25 


4.30 


5.95 


4.40 


4.23 


3.64 


Mean 


1.98 


3.36 


4.11 


4.47 


3.48 


2.73 


4.46 


5.97 


5.32 


4.62 


4.05 



* Sludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F" test at 0.05 and 0.01 probability 



Sludge source - .01 
Sludge rate - .01 
Sludge addition - .01 



Source x rate - .01 
Source x addition-. 01 
Addition x rate -.01 



TABLE 118. Dry Matter Yield of 8th Crop of Ryegrass After Addition of Sewage Sludge Before 
Each of the First Five Crops. 





Sludge 


Slu 


dge Not 


Added Since 


5th Crop 


SI 


udge Added Before 


8th Crop 








178 
(200) 


712 
(800) 


1424 
(1600) 


N rate lb/ 
1424* 
(1600) Mean 


ac (kg/ha) 
178 712 
(200) (800) 


1424 
(1600) 


1424* 
(1600) 


Mean 


Mean 












D.M. 


g/pot 














None 




















2.45 




Aurora 


3-35 


1.85 


2.10 


2.50 2.45 


2.30 


2.45 


2.10 


2.85 


2.43 


2.44 




Midland 


2.75 


1.85 


2.70 


2.15 2.36 


2.25 


2.60 


2.35 


2.70 


2.48 


2.42 




Sarnia 


3-15 


1.55 


1.90 


2.35 2.24 


2.25 


2.50 


2.35 


3.05 


2.54 


2.39 




Guelph 


3.10 


1.25 


2.15 


1.50 2.00 


2.45 


2.85 


2.70 


2.40 


2.60 


2.30 


_. 


Fergus 


2.90 


0.95 


2.05 


1.55 1.86 


2.85 


1. 10 


0.30 


0.35 


1.15 


1.51 


OO 


N. Toronto 


3.05 


2.30 


1.75 


2.05 2.29 


2.45 


3.10 


2.70 


3.55 


2.95 


2.62 




Mean 


3.05 


1.63 


2.11 


2.02 2.20 


2.43 


2.^3 


2.08 


2.48 


2.36 


2.28 



-Sludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F" test at 0.05 and 0.01 probability 



Sludge source - .01 
Sludge rate - .01 
Sludge addition - .05 



Source x rate - .01 
Source x addition - .01 
Addition x rate - .01 
Source x rate x addition - .0 



TABLE 119. Nitrogen Concentration in 6th Crop of Ryegrass After Addition of Sewage Sludge 
Before Each of the First Five Crops. 






Sludge 



Sludge Not Added Before 6th Crop 



Sludge Added Before 6th Crop 



N rate lb/ac (kg/ha) 

178 712 1424 1424* 

(200) (800) (1600) (1600) 



178 712 1424 1424* 

Mean (200) (800) (1600) (1600) 



Mean 



Mean 















N % 












None 






















4.84 


Aurora 


2.89 


4.24 


4.30 


5.43 


4.21 


3.75 


4.47 


5.34 


5.17 


4.68 


4.45 


Midland 


3.67 


4.66 


5.49 


5.51 


4.83 


2.51 


5.21 


5.20 


4.25 


4.37 


4.60 


Sa rn i a 


2. 12 


3.96 


4.32 


5.22 


3.90 


3.27 


5.22 


5.34 


5.32 


4.78 


4.34 


Gue 1 ph 


3.03 


3.41 


4.40 


5.41 


4.06 


3-70 


5.01 


5.33 


5.33 


4.84 


4.45 


Fergus 


2.97 


4.73 


4.03 


5.28 


4.25 


4.56 


5.28 


4.99 


4.63 


4.86 


4.56 


N. Toronto 


3.25 


4.63 


4.58 


4.93 


4.34 


4.72 


4.88 


4.66 


5.46 


4.93 


4.64 



Mean 



2.99 4.27 4.52 



5.30 



4.27 



3-75 5.06 5.14 



5.02 



4.74 4.51 



*Sludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F" test at 0.05 and 0.01 probability 



Sludge source - N.S. 

Sludge rate - .01 

Sludge addition - .01 



Source x rate - .01 
Source x addition - .01 
Addition x rate - .01 
Source x rate x addition - .0 



TABLE 120. Nitrogen Concentration in 7th Crop of Ryegrass After Addition of Sewage Sludge 
Before Each of the First Crops. 



Sludge Not Added Since 5th Crop 



Sludge Added Before 7th Crop 



Sludge 



N rate lb/ac (kg/ha) 
178 712 1424 1424* 178 712 1424 1424* 

(200) (800) (1600) (1600) Mean (200) (800) (1600) (1600) 



Mean 



Mean 



2.10 



3.52 5.00 



5.90 



4.13 



3.19 4.38 5.00 



5.48 



4.51 



Mean 















N% 
















None 






















5.45 




Aurora 


2.08 


3.85 


4.80 


6.08 


4.20 


3.15 


5.58 


5.83 


5.55 


5.03 


4.61 




Midland 


2.40 


2.45 


5.80 


6.10 


4.69 


3.20 


5.03 


5.60 


6.20 


5.01 


4.85 




Sarnia 


1.88 


3.25 


5.35 


5.75 


4.06 


2.85 


3.35 


4.93 


5.93 


4.26 


4.16 




Guelph 


2.03 


2.60 


4.95 


5.83 


3.85 


3.28 


3.35 


5.70 


5.40 


4.43 


4.14 


-c- 


Fergus 


2.15 


2.85 


5.63 


5.55 


4.04 


3.63 


4.90 


4.43 


4.90 


4.46 


4.25 




N. Toronto 


2.10 


4.10 


3.50 


6.13 


3.96 


3.05 


4.08 


3.50 


4.93 


3.89 


3.92 



4.32 



* Sludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F" test at 0.05 and 0.01 probability 



Sludge source - .01 
Sludge rate - .01 
Sludge addition - .01 



Source x rate - .01 
Source x addition - .01 
Addition x rate - .01 
Source x rate x addition - .01 



TABLE 121. Nitrogen Concentration in 8th Crop of Ryegrass After Addition of Sewage Sludge 
Before Each of the First Five Crops. 





Slu 


dge Not 


Added Since 


i 5th Crop 


SI 


udge Added Before 


8th Crop 






Sludge 


178 
(200) 


712 

(800) 


1424 
(1600) 


N rate lb/ac 
1424* 
(1600) Mean 


; (kg/h 

178 
(200) 


a) 
712 
(800) 


1424 
(1600) 


1424* 
(1600) 


Mean 


Mean 










N % 














None 




















5.35 


Aurora 


4.05 


2.40 


3.65 


5-23 3.83 


4.05 


5-05 


5.18 


5-08 


4.84 


4.33 


Midland 


4.18 


3-80 


4.73 


5-30 4.50 


4.05 


5.05 


5.40 


6.15 


5.16 


4.83 


Sarn ia 


4.28 


2.88 


4.65 


5-05 4.21 


3.48 


4.40 


5.58 


4.98 


4.61 


4.41 


Guelph 


4. 10 


2.73 


3.58 


5-55 3-99 


4.60 


4.80 


4.73 


5.35 


4.87 


4.43 


Fergus 


4.35 


1.95 


5.20 


4.40 3.98 


4.73 


5.65 


5-55 


5.18 


5.28 


4.63 


N . To ron to 


4.38 


2.33 


2.95 


5.23 3.72 


4.98 


5.08 


5.38 


5.43 


5.21 


4.47 



Mean 



4.22 



2.68 4.13 



5.13 4.04 4.31 5-00 5-30 



5-36 4.99 4.52 



''Sludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F" test at 0.05 and 0.01 probability 



Sludge source - .0 

Sludge rate - .0 

Sludge addition - .0 



Source x rate - .01 
Source x addition - .01 
Addition x rate - .01 
Source x rate x addition - .0 



TABLE 122. Phosphorus Concentration in 7th Crop of Ryegrass after Addition of Sewage Sludge 
before each of the First Five Crops. 



-c- 

N> 



Sludge 



Mean 



Sludge Not Added Since 5th Crop 



Sludge Added Before 7th Crop 



N rate lb/ac (kg/ha) 
178 712 1424 1424* 178 712 1424 1424* 

(200) (800) (1600) (1600) Mean (200) (800) (1600) (1600) 



0.60 



0.69 0.62 



0.56 



0.62 



0.69 0.65 0.62 



0.65 



Mean 



0.65 



Mean 













P% 














None 






















0.53 


Aurora 


0.57 


0.58 


0.43 


0.49 


0.52 


0.65 


0.46 


0.43 


0.42 


0.49 


0.50 


Midland 


0.60 


0.53 


0.51 


0.63 


0.57 


0.64 


0.53 


0.49 


0.54 


0.55 


0.56 


Sarnia 


0.62 


0.70 


0.63 


0.57 


0.63 


0.67 


0.65 


0.53 


0.71 


0.64 


0.63 


Guelph 


0.60 


0.78 


0.68 


0.62 


0.67 


0.74 


0.76 


0.62 


0.63 


0.68 


0.68 


Fergus 


0.58 


0.76 


0.72 


0.52 


0.64 


0.70 


0.71 


0.75 


0.72 


0.72 


0.68 


N. Toronto 


0.62 


0.81 


0.78 


0.57 


0.69 


0.73 


0.81 


0.90 


0.87 


0.82 


0.76 



0.63 



* Sludge was added before the first crop but not before crops 2,3,4 and 5 
Significance of "F" test at 0.05 and 0.01 probability 
Sludge source - .01 Source x rate - .01 

Sludge rate - .01 Source x addition - .01 

Sludge addition - .01 Addition x rate - .01 

Source x rate x addition - .01 






TABLE 123. Potassium Concentration in 7th Crop of Ryegrass after Addition of Sewage Sludge 
before each of the First Five Crops. 



Sludge Not Added Since 5th Crop Sludge Added Before 7th Crop 



N rate 1 b/ac (kg/ha) Mean 

,78 712 1*24 1*2** 178 712 1*24 142** 

Sludge (200) (800) (1600) (1600) Mean (200) (800) (1600) (1600) Mean 













K% 












3.09 


None 
























Aurora 


3.73 


3.73 


3.70 


3.88 


3.76 


3.70 


3.55 


4.57 


3.87 


3.92 


3.84 


Midland 


3.76 


3.63 


4.11 


3.56 


3.76 


4.13 


3.61 


3.61 


3.51 


3.71 


3.74 


Sarnia 


3.90 


3.91 


3.55 


3.27 


3.65 


3.76 


3.94 


3.66 


4.88 


4.06 


3.86 


Guelph 


3.67 


4.18 


4.02 


3.88 


3.93 


3.92 


4.32 


4.28 


3.43 


3.98 


3.96 


Fergus 


3.59 


4.16 


5.18 


3.75 


4.17 


3.84 


3.92 


4.93 


3.73 


4.10 


4.13 


N. Toronto 


4.13 


3.99 


3.58 


3.52 


3.81 


3.93 


3.45 


3.71 


4.07 


3.79 


3.80 


Mean 


3.80 


3.93 


4.02 


3.64 


3.64 


3.85 


3. 80 


4.13 


3.91 


3.93 


3.89 



kludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F" test at 0.05 and 0.01 probability 

Sludge source - .01 Source x rate - .01 

Sludge rate - .01 Source x addition - N.S. 

Sludge additon - N.S. Addition x rate - N.S. 

Source x rate x addition - .01 



TABLE 124. Potassium Concentration in 8th Crop of Ryegrass after Addition of Sewage Sludge 
before each of the First Five Crops. 





Sludge 


Sit 


idge Not 


Added Since 


i 5th Ci 


rop 


SI 


udge Added Before 


8th Crop 








178 
(200) 


712 
(800) 


1424 
(1600) 


N rate lb/ac 
1424* 

(1600) Mean 


: (kg/ha) 

178 712 
(200) (800) 


1424 
(1600) 


1424* 
(1600) 


Mean 


Mean 




None 










K % 












3.54 




Aurora 


4.05 


4.55 


4.18 


4.39 


4.29 


3.99 


5.14 


6.23 


5.71 


5.27 


4.78 




Midland 


4.30 


4.41 


4.34 


4.57 


4.40 


3.34 


3.28 


4.57 


4.49 


3.92 


4.16 




Sarnia 


5.05 


4.95 


4.52 


3.98 


4.62 


4.77 


4.12 


5.60 


4.72 


4.80 


4.71 




Guelph 


4.69 


5.18 


5.00 


4.77 


4.91 


3.44 


3.77 


5.05 


4.59 


4.21 


4.56 


. 


Fergus 


4.57 


4.75 


5.85 


4.49 


4.91 


2.76 


4.91 


3.91 


3.64 


3.80 


4.36 


-c- 
-c- 


N. Toronto 


4.60 


4.24 


5-31 


3.96 


4.53 


3.81 


3.12 


4.26 


3.92 


3.78 


4.15 



Mean 



4.54 4.68 4.86 4.36 4.61 3.68 4.06 4.93 4.51 4.29 4.45 



^Sludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "P" test at 0.05 and 0.01 probability 



Sludge source 


• .01 


Sludge rate 


.01 


Sludge addition 


.01 



Source x rate - .01 
Source x addition - .01 
Addition x rate - .01 
Source x rate x addition - .0 



TABLE 125. Calcium Concentration in 7th Crop of Ryegrass after Addition of Sewage Sludge before each 
or the First Five Crops. 



Sludge Not Added Since 5th Crop 



Sludge Added Before 7th Crop 



Sludge 



N rate lb/ac (kg/ha) 
178 712 1424 1424* 178 712 1424 1424* 

(200) (800) (1600) (1600) Mean (200) (800) (1600) (1600) 



Mean 



Mean 



1.02 



1.04 1.09 



1.39 



1.13 



1.11 1.04 1.01 



1.10 



1.07 



* Sludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F" test at 0.05 and 0.01 probability 

Sludge source - .05 Source x rate - .01 

Sludge rate - .01 Source x addition - .01 

Sludge addition- .01 Addition x rate - .01 

Source x rate x addition - N.S. 



Mean 















Ca% 
















None 






















1.46 




Aurora 


1.02 


1.06 


1.09 


1.32 


1.12 


1.00 


1.04 


1.06 


0.91 


1.00 


1.06 




Midland 


1.16 


1.14 


0.96 


1.39 


1.16 


1.20 


0.95 


0.72 


0.87 


0.93 


1.04 




Sarnia 


0.93 


1.01 


1.14 


1.28 


1.09 


0.94 


0.85 


1.16 


1.35 


1.07 


1.08 


*- 


Guelph 


0.89 


0.90 


0.91 


1.50 


1.05 


1.14 


1.13 


1.13 


1.38 


1.19 


1.12 


^ 


Fergus 


1.10 


0.94 


1.23 


1.17 


1.11 


1.28 


1.23 


1.09 


0.97 


1.14 


1.12 




N. Toronto 


1.03 


1.22 


1.21 


1.69 


1.28 


1.11 


1.08 


0.89 


1.17 


1.06 


1.17 



1.10 



TABLE 126. Calcium Concentration in 8th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 





Slu 


dge Not 


Added Since 


5th Crop 


SI 


udge Added Before 


8th Crop 






S ludge 


178 
(200) 


712 
(800) 


1424 
(1600) 


N rate lb/ 
1424* 
(1600) Mean 


ac (kg/ha) 
178 712 
(200) (800) 


1424 
(1600) 


1424* 
(1600) 


Mean 


Mean 










Ca 


% 












None 




















1.76 


Aurora 


0.93 


1.07 


1.09 


1 . 35 1.11 


0.99 


0.99 


1.08 


1.24 


1.07 


1.09 


Midland 


1.04 


1.00 


0.81 


1.65 1.12 


1.17 


0.84 


0.80 


1.01 


0.95 


1.04 


Sa rn i a 


0.96 


0.86 


1.21 


1.45 1.12 


0.98 


1.16 


1.15 


1.04 


1.08 


1.10 


Guelph 


0.89 


1.03 


1.03 


1.50 1.11 


1.08 


1.20 


1.02 


1.16 


1.12 


1.11 


Fergus 


1.03 


1.00 


1.40 


1.51 1.23 


1.14 


1.69 


1.57 


1.72 


1.53 


1.38 


N . To ron to 


1.04 


1.00 


1.14 


1.82 1.25 


1.18 


1.26 


1.10 


1.18 


1.18 


1.21 



Mean 



0.98 0.99 1.11 



1.54 



1. 16 



1.09 



1.19 



1.12 



1.22 



1.15 1.16 



*S ludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F" test at 0.05 and 0.01 probability 



Sludge source - .01 

Sludge rate - .01 

Sludge addition - N.S. 



Source x rate - .01 
Source x addition - .01 
Addition x rate - .01 
Source x rate x addition 



.01 



TABLE 127. Magnesium Concentration in 7th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 







SI udge 


Not Added Since 


5th Crop 




SI udge 


Added 


Before 


7th Crop 








































N rate 


lb/ac 


(kg/ha) 














Sludge 


178 

(200) 


712 

(800) 


1424 
(1600) 


(1600) 


Mean 


178 

(200) 


712 

(800) 


}h2h 
(1600) 


1424* 

(1600) 


Mean 
















Mg % 
















None 






















.38 




Aurora 


.32 


.35 


.39 


.48 


.38 


.33 


.36 


.hi 


.35 


.36 


.37 




Midland 


.27 


.40 


.60 


.45 


.43 


.33 


.48 


.63 


.60 


.51 


.47 




Sarnia 


.31 


.40 


.50 


.46 


.42 


.33 


.31 


.hh 


.51 


.40 


.41 




Guelph 


.35 


.37 


.44 


.47 


.41 


• 31 


• 32 


.he 


.38 


.37 


.39 


XT 


Fergus 


.3*4 


.36 


.50 


.43 


.40 


.39 


.39 


.33 


.39 


.37 


.39 


--J 


N. Toronto 


.35 


.43 


.41 


M 


.41 


.33 


.36 


.34 


.41 


.36 


.38 




Mean 


.32 


.38 


.47 


M 


.41 


.34 


.37 


M 


.44 


.39 


.40 



-Sludge was added before the first crop but not before crops 2,3,4, and 5 
Significance of "F" test at 0.05 and 0.01 probability 

Sludge source - .01 Source x rate - .01 

Sludge rate - .01 Source x addition - .01 

Sludge addition - .05 Addition x rate - N.S. 

Source x rate x addition - .01 



TABLE 128. Magnesium Concentration in 8th Crop of Ryegrass after Addition of Sewage Sludge before 
each of the First Five Crops. 



SI udge 



Sludge Not Added Since 5th Crop 



Sludge Added Before 8th Crop 



178 
(200) 



712 
(800) 



1424 
(1600) 



N rate lb/ac (kg/ha) 



]k2k* 

(1600) 



Mean 



178 
(200) 



712 
(800) 



YkZk 

(1600) 



1424* 
(1600) 



Mean 



Mean 



None 

Au ro ra 

Midland 

Sam i a 

Guelph 

Fergus 

N. Toronto 



39 


.33 


.39 


39 


.47 


.56 


47 


• 39 


.66 



.48 
.47 
.46 



.40 
.37 
.37 



.49 
.67 
.44 



.49 
.50 
.47 



Mg % 



.47 


• 39 


.37 


.48 


.51 


.46 


.47 


.45 


.66 


.89 


.60 


.53 


.40 


.52 


.71 



.46 
.50 
.43 



.45 
.54 
.53 



.50 
.66 
.61 



• 49 
.55 
.59 







.42 


.45 


.45 


.42 


.97 


.74 


.60 


.58 


.55 


.54 



.55 
.54 
.58 



.49 
.57 
.57 



.48 
.54 
.50 



Mean 



.44 



• 39 



.53 



• 50 



.46 



.45 



• 57 



.62 



.61 



.56 



• 51 



*Sludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F" test at 0.05 and 0.01 probability 



Sludge source - .0 

Sludge rate .0 

Sludge addition - .0 



Source x rate - .01 
Source x addition - .01 
Addition x rate - .01 
Source x rate x addition - .0 



TABLE 129. Manganese Concentration in 7th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 







SI udge 


Not Added Since 5th Ci 


rop 






SI udge 


Added 


Before 


7th Crop 
















N 


rate 


lb/ 


ac (kg/ha) 








Mean 




SI udge 


178 
(200) 


712 

(800) 


1424 
(1600) 


1424* 

(1600) 




Mean 




178 
(200) 


712 
(800) 


1424 
(1600) 


1424* 
(1600) 


Mean 


















Mn ug/g 
















None 


























106 




Aurora 


94 


62 


71 


108 




83 




38 


26 


202 


36 


75 


79 




Midland 


65 


99 


72 


97 




83 




74 


109 


62 


140 


96 


90 




Sarnia 


64 


16 


22 


36 




34 




35 


16 


172 


33 


63 


49 




Guelph 


80 


15 


20 


96 




53 




27 


17 


35 


29 


27 


40 


■fc- 


Fergus 


71 


21 


54 


182 




82 




40 


16 


115 


147 


79 


80 


V£> 


N. Toronto 


103 


36 


27 


153 




80 




52 


32 


82 


205 


93 


86 




Mean 


79 


42 


44 


112 




69 




44 


36 


111 


98 


72 


71 



Sludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F" test at 0.05 and 0.01 probability 
Sludge source - .01 Source x rate - .01 

Sludge rate - .01 Source x addition - .01 

Sludge addition - N.S. Addition x rate - .01 

Source x rate x addition - .01 



TABLE 130. Manganese Concentration in 8th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 



SI udge 



Sludge Not Added Since 5th Crop 



Sludge Added Before 8th Crop 



N rate lb/ac (kg/ha) 
178 712 1424 \k2k* 178 712 142*4 1424* 

(200) (800) (1600) (1600) Mean (200) (800) (1600) (1600) Mean 



Mean 















Mn 


yg/g 
















None 
























125 




Aurora 


89 


93 


82 


154 


105 




61 


88 


242 


169 


140 


122 




Midland 


47 


117 


70 


173 


102 




51 


120 


46 


75 


73 


87 




Sarnia 


83 


20 


28 


44 


44 




58 


18 


89 


27 


48 


46 




Guelph 


76 


22 


20 


86 


51 




28 


19 


26 


46 


30 


40 


_ 


Fergus 


111 


31 


35 


375 


138 




55 


33 


196 


627 


111 


183 





N. Toronto 


132 


29 


29 


168 


89 




77 


kl 


79 


223 


106 


98 



Mean 



90 



52 



44 



167 



88 



55 



54 



13 



194 



04 



96 



"Sludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F' test at 0.05 and 0.01 probability 



Sludge source - .01 
Sludge rate - .01 

Sludge addition - .0 



Source x rate - .01 
Source x addition - .01 
Addition x rate - .01 
Source x rate x addition - .0 



TABLE 131. Iron Concentration in 8th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 





SI 


udge Not 


Added S 


ince 5th C 


Irop 


SI 


udge Added Before 


8th Crop 














N 


rate lb/ac (kg/ha) 








Mean 


SI udge 


178 
(200) 


712 
(800) 


1*42*4 

(1600) 


1424* 

(1600) 


Mean 
Fe 


178 
(200) 

pg/g 


712 
(800) 


1*42*4 

(1600) 


1*42*4* 

(1600) 


Mean 






















None 






















103 


Aurora 


89 


78 


75 


94 


8*4 


68 


89 


70 


73 


75 


79 


Midland 


88 


69 


70 


85 


78 


58 


65 


59 


73 


63 


71 


Sa rn i a 


80 


70 


63 


88 


75 


88 


68 


80 


70 


76 


76 


Guelph 


75 


71 


65 


10*4 


79 


80 


65 


75 


75 


74 


76 


Fergus 


80 


4o 


77 


86 


71 


70 


77 


39 


30 


54 


62 


N. Toronto 


78 


55 


83 


93 


77 


85 


88 


78 


85 


8*4 


80 



Mean 



6*4 



72 



91 



77 



75 



75 



67 



67 



71 



^Sludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F" test at 0.05 and 0.01 probability 



74 



Sludge source - .01 
Sludge rate - .01 
SI udge addi tion - .01 



Source x rate - N.S. 
Source x addition - .01 
Addi tion x rate - .01 
Source x rate x addition - .0 



TABLE 132. Boron Concentration in the 6th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 



Sludge Not Added Before 6th Crop 



Sludge Added Before 6th Crop 



SI udge 


178 
(200) 


712 
(800) 


\k2k 
(1600) 


142 
(1601 


None 










Aurora 


20 


2k 


2k 


20 


Midland 


26 


kl 


62 


38 


Sarn ia 


15 


23 


30 


16 


Gue 1 ph 


19 


26 


25 


16 


Fergus 


H 


23 


13 


\k 


N . To ron to 


15 


21 


2k 


15 



N rate lb/ac (kg/ha) 

178 712 \klk Vk2k* 

Mean (200) (800) (1600) (1600) 



Mean 



Mean 






B ug/g 

22 
k2 
21 
21 
16 
18 



19 


23 


29 


27 


30 


56 


108 


58 


20 


30 


39 


28 


19 


27 


28 


17 


Ik 


20 


37 


20 


18 


19 


26 


19 





]k 


2k 


23 


63 


52 


29 


25 


23 


22 


23 


19 


20 


19 



Mean 



18 



27 



30 



20 



23 



20 



29 



kk 



28 



30 



27 



"Sludge was added before the first crop but not before crops 2, 3, k and 5 
Significance of "F" test at 0.05 and 0.01 probability 



Sludge source - .01 

Sludge rate - .01 

Sludge addition - .01 



Source x rate - .01 
Source x addition - .01 
Addition x rate - .01 
Source x rate x addition - .01 



TABLE 133- Boron Concentration in 7th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 



Sludge Not Added Since 5th Crop 



Sludge Added Before 7th Crop 



Sludge 



N rate lb/ac (kg/ha) 
178 712 1424 1424* 178 712 1424 1424* 

(200) (800) (1600) (1600) Mean (200) (800) (1600) (1600) Mean 



Mean 



14 



19 



24 



17 



18 



13 



18 



21 



19 



18 



* Sludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F" test at 0.05 and 0.01 probability 

Sludge source - .01 Source x rate - .01 

Sludge rate - .01 Source x addition - .01 

Sludge addition - .01 Addition x rate - .01 

Source x rate x addition - .01 



Mean 















B/ig/g 
















None 






















10 




Aurora 


15 


18 


18 


15 


16 


16 


16 


20 


20 


18 


17 




Midland 


21 


29 


47 


34 


32 


19 


38 


41 


38 


34 


33 




Sarnia 


12 


18 


22 


14 


16 


12 


15 


19 


19 


16 


16 


VJ1 


Guelph 


15 


18 


21 


13 


17 


9 


15 


19 


13 


14 


15 


v-o 


Fergus 


12 


18 


18 


12 


15 


11 


12 


15 


13 


13 


14 




N. Toronto 


12 


13 


20 


14 


14 


10 


13 


12 


11 


11 


13 



18 



TABLE 134. Boron Concentration in 8th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 







Sludge Not 


Added Since 


: 5th Crop 




SI 


udge Added Before 


8th Crop 














N rate 


lb/ac 


(kg/ha) 








Mean 




SI udge 


178 
(200) 


712 
(800) 


1424 
(1600) 


1424* 
(1600) 


Mean 


178 
(200) 


712 
(800) 


1424 
(1600) 


1424* 
(1600) 


Mean 
















B ug/ 


g 














None 






















17 




Aurora 


20 


26 


27 


21 


23 


26 


31 


38 


45 


35 


29 




Midland 


29 


42 


52 


54 


44 


30 


57 


84 


78 


62 


53 




Sarn ia 


16 


25 


34 


19 


23 


23 


36 


54 


43 


39 


31 




Guelph 


19 


29 


32 


17 


24 


19 


25 


35 


26 


26 


25 


_ 


Fergus 


17 


27 


28 


19 


22 


15 


25 


30 


25 


23 


23 




N . To ron to 


17 


21 


28 


16 


20 


16 


21 


24 


26 


21 


21 



Mean 



19 



28 



33 



24 



26 



21 



32 



44 



40 



34 



30 



*Sludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F" test at 0.05 and 0.01 probability 



Sludge source - .01 
Sludge rate - .01 
Sludge addition - .01 



Source x rate - .01 
Source x addition - .01 
Addition x rate - .01 
Source x rate x addition - .0 



TABLE 135- Cadmium Concentration in 6th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 








Sludge Not 


Added Before 6th 


Crop 


SI 


udge Added Before 6th C 


rop 




Sludge 


178 
(200) 


712 

(800) 


1424 
(1600) 


N rate 
1424* 
(1600) 


lb/ac 
Mean 


(kg/ha) 
178 
(200) 


712 

(800) 


1424 
(1600) 


1424* 
(1600) 


Mean 


Mean 












Cd ug/g 














None 






















1.67 


Aurora 


0.40 


0.40 


0.53 


1.00 


0.58 


0.60 


0.50 


0.40 


1 .25 


0.69 


0.63 


Midland 


0.22 


0.30 


0.35 


0.45 


0.33 


0. 18 


0.30 


0.30 


0.30 


0.26 


0.30 


Sarnia 


0.55 


1.35 


1.80 


1 .20 


1.23 


0.80 


1.60 


1.85 


2.20 


1.61 


1.42 


Guelph 


1.45 


3.00 


3-75 


3.25 


2.86 


2.05 


4.10 


5.20 


3.30 


3.66 


3.26 


Fergus 


0.30 


1 .00 


0.48 


1.70 


0.87 


0.40 


0.95 


1.07 


0.87 


0.83 


0.85 


N. Toronto 


0.48 


0.43 


0.55 


1.00 


0.61 


1 .00 


0.60 


0.50 


0.67 


0.69 


0.65 



Mean 



0.57 1.08 1.24 



1.43 



1 .08 



0.84 1.34 1.55 



1.43 



1 .29 



I - 19 



*Sludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F" test at 0.05 and 0.01 probability 



Sludge source - .01 

Sludge rate - .01 

Sludge addition - .01 



Source x rate - .01 
Source x addition - .01 
Addition x rate - N.S. 
Source x rate x addition - N.S 



TABLE 136. Cadmium Concentration in 7th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 







Sludge 


Not Added Since 


5th Crop 






Sludge 


Added 


Before 7th 


Crop 












N 


rate lb/ 


ac (kg/ha) 








Mean 






178 


712 


1424 


1424* 




178 


712 


1424 


1424* 








Sludge 


(200) 


(800) 


(1600) 


(1600) 


Mean 


(200) 


(800) 


(1600) 


(1600) 


Mean 
















Cd /ig/g 
















None 






















1.45 




Aurora 


0.67 


0.70 


0.63 


1.40 


0.85 


0.53 


0.55 


0.55 


0.73 


0.59 


0.72 




Midland 


0.43 


0.43 


0.48 


0.69 


0.50 


0.45 


0.47 


0.53 


0.58 


0.51 


0.51 




Sarnia 


1.56 


1.82 


2.15 


2.10 


1.91 


1.18 


2.00 


2.39 


2.94 


2.13 


2.02 




Guelph 


3.62 


6.53 


6.88 


4.98 


5.50 


2.08 


4.05 


6.18 


2.08 


3.59 


4.55 


Cjs 


Fergus 


1.02 


1.50 


1.37 


1.73 


1.40 


0.86 


0.85 


0.80 


1.03 


0.88 


1.14 




N. Toronto 


1.03 


1.19 


1.00 


2.20 


1.35 


0.89 


0.79 


0.75 


0.93 


0.84 


1.10 



Mean 



1.38 



2.03 2.08 



2.18 



1.92 



1.00 1.45 1.87 



1.38 



1.42 



1.67 



* Sludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F" test at 0.05 and 0.01 probability 



Sludge source - .01 
Sludge rate - .01 
Sludge addition - .01 



Source x rate - .01 
Source x addition -.01 
Addition x rate ~N.S. 
Source x rate x addition 



- N.S 



TABLE 137. Cadmium Concentration in 8th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 



vn 





Slu 


dge Not 


Added Since 


i 5th Crop 


SI 


udge Added Before 


8th Crop 






Sludge 


178 
(200) 


712 

(800) 


1424 
(1600) 


N rate lb/ac (kg/ha) 
1424* 178 712 
(1600) Mean (200) (800) 


1424 
(1600) 


1424* 
(1600) 


Mean 


Mean 










Cd ug/g 












None 




















1.05 


Au ro ra 


0.65 


0.55 


0.55 


1.45 0.80 


0.35 


0.55 


0.60 


1.10 


0.65 


0.73 


Midland 


0.38 


0.55 


0.75 


0.55 0.56 


0.30 


0.45 


0.40 


0.45 


0.40 


0.48 


Sam ia 


1.30 


1.5* 


2.20 


2.50 1.88 


2.10 


1.75 


2.50 


2.50 


2.21 


2.05 


Guel ph 


4.05 


5.20 


8.00 


4.40 5.41 


2.40 


4.25 


8.05 


3-40 


4.53 


4.97 


Fergus 


0.80 


1.40 


1.90 


1 . 74 1 . 46 


0.95 


1.10 


0.60 


0.58 


0.81 


1.13 


N . To ron to 


1.10 


0.83 


0.95 


1.50 1.09 


0.85 


1.10 


0.90 


1.05 


0.98 


1.03 



Mean 



1.38 



.68 



2.39 



2.02 



.87 



1.16 



1.53 2.18 



1.51 



1.59 1.73 



*S1udge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F 1 test at 0.05 and 0.01 probability 



Sludge source - .01 

Sludge rate - .01 

Sludge addition - .05 



Source x rate - .01 
Source x addition - N.S. 
Addition x rate - N.S. 
Source x rate x addition - N.S 



TABLE 138. Cadmium Concentration in Crops ] to 8 of Ryegrass Receiving 

Sewage Sludges from Guelph and North Toronto before each Crop- 



Crop Control(NH, NO ) Guelph North Toronto 

__ kg N/ha ~~ ~ ~~~ 

200 200 800 1600 200 800 1600 



First 


0.55 


Second 


0.35 


Third** 


0.40 


Fourth 


0.31 


Fifth** 


0.60 


Sixth 


1.65 


Seventh** 


1.45 


Eighth 


1.05 



yg 


Cd/g 


1.03 


2.15 


1.10 


2.65 


0.65 


1.90 


0.86 


2.18 


0.95 


2.25 


2.05 


4.10 


2.08 


4.05 


2.40 


4.25 



2.60 0.70 0.70 0.85 

5.61 0.45 0.35 0.40 
2.45 1.45 0.55 0.70 
3.14 0.38 0.64 0.44 
3.70 0.50 0.60 0.65 
5.20 1.00 0.60 0.50 
6.18 0.89 0.79 0.75 
8.05 0.85 1.10 0.90 



-The sludge from Guelph supplied the greatest amount of cadmium 
in the experiment, while the cadmium content of the North Toronto 
sludge is near the average of the sludges used. 

"-•Plots were leached after sludge application but before seeding. 



158 



TABLE 139. Chromium Concentration in 6th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 



U3 



S 1 udge 



None 

Aurora 

Midland 

Sa rn i a 

Guelph 

Fergus 

N. Toronto 



Sludge Not Added Before 6th Crop 



Sludge Added Before 6th Crop 



N rate lb/ac (kg/ha) 
178 712 1424 1424* 178 712 1424 1424* 

(200) (800) (1600) (1600) Mean (200) (800) (1600) (1600) Mean 



0.75 0.75 

0.70 0.75 

0.75 0.80 

0.60 0.70 



0.70 
0.70 
0.75 
0.80 



0.65 0.85 1.12 



1.40 
0.95 
0.75 
0.65 
0.85 



0.70 0.85 0.80 0.70 



Cr ug/g 

0.90 
0.77 
0.76 
0.69 
0.87 
0.76 



1.50 
0.75 
0.85 
0.65 



0.80 
0.65 
0.80 
0.75 



0.95 
0.60 
0.70 
0.91 



1.45 
0.65 
0.80 
1.10 



1.00 0.85 1.42 0.62 



1.18 
0.66 
0.79 
0.85 



Mean 



0.8 
1 .04 
0.72 
0.77 
0.77 



0.97 0.92 



. 80 . 90 . 80 



1 .00 



0.86 



0.82 



Mean 



0.69 0.78 0.81 



1.57 



0.96 



0.93 0.79 0.89 0.93 



0.87 0.93 



*Sludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F' test at 0.50 and 0.01 probability 



Sludge source - .01 

Sludge rate - N.S. 

Sludge addition - .05 



Source x rate - N.S. 
Source x addition - N.S. 
Addition x rate - N.S. 
Source x rate x addition - N.S 



TABLE 140. Chromium Concentration in 8th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 







Slu 


dge Not 


Added Since 


i 5th Ci 


rop 


SI 


udge Added Before 


8th Crop 














N rate lb/ac 


(kg/h, 


a) 








Mean 




S 1 udge 


178 
(200) 


712 
(800) 


142* 

(1600) 


1 424* 
(1600) 


Mean 


178 
(200) 


712 
(800) 


1424 
(1600) 


1424* 

(1600) 


Mean 
















Cr ug/ 


9 














None 






















0.71 




Aurora 


0.67 


0.71 


0.68 


0.60 


0.66 


0.56 


0.72 


0.53 


0.7^ 


0.64 


0.65 




Midland 


0.59 


0.76 


0.61 


0.63 


0.65 


0.75 


0.59 


0.67 


0.63 


0.66 


0.65 




Sam ia 


0.77 


0.67 


0.59 


0.59 


0.66 


0.85 


0.91 


0.87 


0.73 


0.84 


0.75 


CTn 


Guelph 


0.61 


0.91 


0.52 


0.72 


0.69 


0.75 


0.67 


0.79 


0.67 


0.72 


0.70 


O 


Fergus 


0.56 


0.85 


0.89 


0.99 


0.82 


0.61 


1.30 


0.80 


0.92 


0.91 


0.86 




N. Toronto 


0.63 


0.50 


0.62 


0.47 


0.56 


1.0*4 


0.76 


0.92 


0.71 


0.86 


0.71 



Mean 



0.64 



0.73 



0.65 



0.67 0.67 0.76 0.82 0.76 



0.73 0.77 0.72 



*Sludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F" test at 0.05 and 0.01 probability 



Sludge source - .01 

Sludge rate - .05 

Sludge addition - .01 



Source x rate - .01 
Source x addition - .01 
Addition x rate - N.S. 
Source x rate x addition - .0 



TABLE 1%1, Copper Concentration in 6th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 



ON 





Slu 


dge Not 


Added Before 6th 


Crop 


SI 


udge Added Befo 


re 6 th C 


rop 




SI udge 


178 
(200) 


712 
(800) 


142^4 

(1600) 


N rate 
\k2k* 
(1600) 


Ib/ac 
Mean 


(kg/ha) 
178 
(200) 


712 
(800) 


(1600) 


\k2k* 
(1600) 


Mean 


Mean 












Cu ug/g 














None 






















22 


Aurora 


15 


20 


26 


21 


20 


16 


20 


23 


23 


20 


20 


Midland 


16 


23 


25 


21 


21 


12 


2k 


25 


18 


20 


20 


Sarn ia 


11 


27 


28 


2*4 


22 


14 


26 


33 


29 


25 


2k 


Guelph 


15 


27 


31 


28 


25 


18 


27 


33 


27 


26 


26 


Fergus 


}k 


27 


31 


30 


25 


23 


32 


37 


31 


31 


28 


N . To ron to 


13 


19 


21 


18 


17 


21 


25 


2k 


25 


2k 


21 



Mean 



\k 



23 



27 



23 



22 



17 



25 



29 



25 



2k 



23 



*Sludge was added before the first crop but not before crops 2, 3, k and 5 
Significance of "F" test at 0.05 and 0.01 probability 



Sludge source - .01 
Sludge rate - .01 
Sludge addi tion - .01 



Source x rate - .01 
Source x addition - .01 
Addition x rate - N.S. 
Source x rate x addition - N.S 



TABLE 1^2. Copper Concentration in 7th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 



ON 

N> 





Sludge 


Not Added Since 


5th Crop 




Sludge 


Added 


Before 


7th Crop 














N rate 


lb/ac (kg/ha) 










Mean 




178 


712 


1424 


1424* 




178 


712 


1424 


1424* 






Sludge 


(200) 


(800) 


(1600) 


(1600) 


Mean 


(200) 


(800) 


(1600) 


(1600) 


Mean 














Cu jig/g 














None 






















13 


Aurora 


6 


15 


21 


16 


14 


12 


15 


20 


15 


15 


15 


Midland 


10 


19 


25 


18 


18 


12 


21 


22 


23 


19 


19 


Sarnia 


5 


14 


31 


21 


18 


10 


14 


34 


31 


22 


20 


Guelph 


8 


11 


28 


31 


19 


18 


25 


34 


26 


26 


22 


Fergus 


9 


18 


36 


24 


22 


24 


34 


40 


32 


32 


27 


N. Toronto 


8 


15 


14 


19 


14 


12 


19 


19 


20 


17 


16 



Mean 



15 



26 



21 



17 



14 



21 



28 



24 



22 



20 



* Sludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F" test at 0.05 and 0.01 probability 

Sludge source - .01 Source x rate - .01 

Sludge rate - .01 Source x addition - .01 

Sludge addition - .01 Addition x rate - .01 

Source x rate x addition - .01 






TABLE 1 43 - Copper Concentration in 8th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 



SI udge 



None 

Au ro ra 

Midland 

Sa rn i a 

Guelph 

Fergus 

N. Toronto 

Mean 



Sludge Not Added Since 5th Crop 



Sludge Added Before 8th Crop 



10 
15 
15 
17 
18 
17 

15 



15 



N rate lb/ac (kg/ha) 
178 712 \k2k 1^24* 178 712 1424 

(200) (800) (1600) (1600) Mean (200) (800) (1600) 



1424* 
(1600) 



Cu ug/g 



10 


14 


18 


20 


14 


23 


16 


21 


18 


34 


13 


12 



11 


11 


16 


22 


23 


14 


17 


19 


25 


29 


20 


18 


18 


27 


34 


22 


19 


21 


29 


32 


28 


24 


26 


39 


43 


19 


15 


21 


27 


26 



20 



19 



17 



20 



28 



31 



27 



Mean 



27 



*Sludge was added before the first crop but not before crops 2,3,4 and 5 
Significance of "P' test at 0.05 and 0.01 probability 



Mean 







10 


22 


21 


16 


23 


24 


20 


28 


27 


22 


27 


27 


23 


41 


37 


30 


24 


24 


20 



22 



Sludge source - .01 
Sludge rate - .01 
Sludge addition - .01 



Source x rate - .01 

Source x addition - .01 

Addition x rate - .01 

Source x rate x addition - .05 



TABLE 1M. Copper Concentration in Crops 1 to 8 of Ryegrass 

Receiving Sewage Sludges from Sarnia and North Toronto 
before each Crop. 



C_ro£ 


Control 

(Ammonium 

Nitrate) 
200 




Sarnia 




North 


Toronto 




200 


800 


kg N/ha 
1600 


200 


800 


1600 








ug c 


u/g 








First 


11 


15 


19 


20 


13 


17 


17 


Second 


17 


25 


32 


31 


26 


28 


27 


Third* 


10 


6 


10 


11 


8 


12 


13 


Fourth 


14 


12 


18 


25 


11 


17 


19 


Fifth* 


Mi 


14 


17 


20 


10 


16 


18 


Sixth 


22 


\k 


26 


33 


21 


25 


Ik 


Sevenths- 


13 


10 


Ik 


3^ 


12 


19 


19 


Eighth 


10 


18 


27 


35 


21 


27 


26 



* Plots were leached after sludge application but before seeding. 



16*1 



TABLE 145. Nickel Concentration in 6th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 



ON 



Sludge 



Sludge Not Added Before 6th Crop 



Sludge Added Before 6th Crop 



N rate lb/ac (kg/ha) 

178 712 1424 1424* 1 78 712 1424 1424* 

(200) (800) (1600) (1600) Mean (200) (800) (1600) (1600) Mean 



Mean 













Ni ug/g 














None 






















1 .2 


Aurora 


1.9 


1.0 


1.5 


7.0 


2.8 


1.0 


1.1 


1.9 


1.4 


1.3 


2.1 


Midland 


7.5 


23.9 


33.5 


30.0 


23.8 


12.0 


34.5 


35.5 


37.9 


29.9 


26.8 


Sarnia 


0.4 


0.6 


0.5 


0.9 


0.6 


0.7 


1.2 


2.1 


1.5 


1.4 


0.9 


Guelph 


0.9 


1.3 


1.8 


1.8 


1.5 


1.3 


3.1 


3.6 


5.6 


3.4 


2.4 


Fergus 


2.1 


5-9 


8.4 


3. 1 


4.9 


1.9 


6.6 


11.5 


8.9 


1.2 


6.0 


N. Toronto 


1.0 


1.1 


1.2 


1.5 


1.2 


0.8 


2.3 


2.4 


3.1 


2.1 


1.6 



Mean 



2.3 



5.6 7-8 



7.4 



5.8 



3.0 



8. 



9.5 



9-7 



7.6 



6.7 



*Sludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F" test at 0.05 and 0.01 probability 



Sludge source - .0 

Sludge rate - .0 

Sludge addition - .0 



Source x rate - .01 
Source x addition - .01 
Addi tion x rate - .01 
Source x rate x addition - .0 



TABLE 146. Nickel Concentration in 7th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 



ON 
ON 





Sludge 


Not Added Since 


i 5th 


Crop 




Sludge 


Added 


Before 


7th Crop 












N 


rate 


lb/ac (kg/ha) 










Mean 




178 


712 


1424 


1424* 




178 


712 


1424 


1424* 






Sludge 


(200) 


(800) 


(1600) 


(1600) 


Mean 


(200) 


(800) 


(1600) 


(1600) 


Mean 
















Ni /ug/g 














None 
























1.3 


Aurora 


0.4 


0.8 


1.5 


1.4 




1.0 


0.6 


0.6 


1.0 


0.5 


0.6 


0.8 


Midland 


8.6 


27.5 


39.5 


41.5 




29.3 


11.5 


32.5 


40.0 


39.0 


30.9 


30.0 


Sarnia 


1.0 


0.7 


0.9 


1.0 




0.9 


0.6 


0.9 


1.8 


1.5 


1.2 


1.0 


Guelph 


1.0 


1.4 


1.6 


3.1 




1.8 


0.6 


1.5 


2.1 


1.2 


1.3 


1.6 


Fergus 


0.8 


4.4 


11.1 


3.9 




5.0 


1.5 


4.3 


8.7 


7.8 


5.6 


5.3 


N. Toronto 


0.8 


1.1 


0.8 


2.3 




1.2 


0.5 


0.8 


1.2 


1.9 


1.1 


1.2 



Mean 



2.1 



6.0 



9.2 



8.8 



6.5 



2.5 



6.8 



9.1 



8.6 



6.8 



6.6 



*Sludge was added before the first crop but not before crops 2, 3, 4, and 5 
Significance of "F" test at 0.05 and 0.01 probability 

Sludge source - .01 Source x rate - .01 

Sludge rate - .01 Source x addition - N.S. 

Sludge addition - N.S. Addition x rate - N.S. 

Source x rate x addition - N.S. 



TABLE 147. Nickel Concentration in 8th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 



ON 





Sludge Not 


Added Since 


i 5th C 


rop 


SI 


udge Added Before 


8th Crop 






Sludge 


178 
(200) 


712 
(800) 


1424 
(1600) 


N rate lb/ac 
1424* 
(1600) Mean 


: (kg/ha) 

178 712 
(200) (800) 


1424 
(1600) 


1424* 
(1600) 


Mean 


Mean 












Ni ug/g 












None 






















0.9 


Aurora 


1.1 


1-3 


1.4 


1.4 


1.3 


1. 1 


1.2 


1.2 


1.1 


1.2 


1 .2 


Midland 


7-7 


19-5 


30.0 


42.4 


24.9 


12.9 


28.0 


42.0 


36.8 


30.0 


27.4 


Sarnia 


1. 1 


1.0 


1.4 


1.4 


1.2 


1.2 


1.4 


2.2 


1.5 


1.6 


1.4 


Guelph 


1.4 


1.5 


1.7 


2.6 


1.8 


1.3 


1.8 


2.5 


1.7 


1.8 


1.8 


Fergus 


1.4 


3.5 


8.2 


3.9 


4.3 


1.9 


10.5 


4.0 


8.3 


6.2 


5.2 


N. Toronto 


1.4 


1.1 


1.7 


2.1 


1.6 


1.5 


1.5 


1.6 


1.3 


1.5 


1.5 



Mean 



2.4 



4.7 



7.4 



8.9 



5.8 



3.3 



7.4 



8.9 



8.5 



7.0 6.4 



*Sludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F 1 test at 0.05 and 0.01 probability 



Sludge source - .01 
Sludge rate - .01 

SI udge addi tion - .01 



Source x rate - .01 
Source x addition - .01 
Addition x rate - .01 
Source x rate x addition - .01 



TABLE 148. Nickel Concentration in Crops 1 to 8 of Ryegrass 

Receiving Sewage Sludges from Midland and North Toronto 
before Each Crop. 



Crop 


Control 


(NH 4 N0 3 ) 




Midlan 


id 


North 


Toronto 










kg 


N/ha 










200 




200 


800 


1600 


200 


800 


1600 








ug Ni 


/g 










First 


2.0 




8.5 


32.0 


32.0 


3.5 


4.0 


4.5 


Second 


1.8 




14.6 


36.3 


A0.8 


1.0 


1.1 


1.9 


Third* 


0.5 




14.5 


22.5 


3*1.5 


1.0 


0.5 


2.0 


Fourth 


2.0 




18.8 


36.8 


51.3 


3.9 


3.4 


4.4 


Fifth* 


3.0 




8.1 


23.0 


29.0 


1.0 


1.5 


3.5 


Sixth 


1.2 




12.0 


35.0 


36.0 


0.8 


2.2 


2.4 


Seventh- 


1.3 




11.5 


32.5 


40.0 


0.5 


0.8 


1.2 


Eight 


0.9 




12.9 


28.0 


42.0 


1.5 


1.5 


1.6 



The sludge from Midland supplied the greatest amount of nickel in the 
experiment, while the North Toronto sludge may be considered to be 
average among the sludges used in its nickel content. 
"Indicates pots were leached after sludge application but before seeding 
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TABLE 1 49 - Lead Concentration in 6th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 



ON 



S 1 udge 



Sludge Not Added Before 6th Crop 



Sludge Added Before 6th Crop 



178 712 1424 1424* 

(200) (800) (1600) (1600) 



N rate lb/ac (kg/ha) 

78 712 1424 1424* 

(200) (800) (1600) (1600) 



Mean 



Mean 



Mean 













Pb ug/g 














None 






















0.55 


Aurora 


0.60 


0.85 


0.65 


0.40 


0.63 


0.45 


0.75 


1.00 


0.85 


0.76 


0.69 


Midland 


0.60 


0.75 


0.80 


1.20 


0.83 


0.60 


1 .00 


0.85 


0.50 


0.74 


0.79 


Sarnia 


0.55 


0.75 


1.40 


0.90 


0.90 


0.85 


0.95 


0.90 


0.95 


0.91 


0.91 


Guelph 


0.75 


0.80 


1 .00 


0.65 


0.80 


0.85 


0.80 


0.95 


0.85 


0.86 


0.83 


Fergus 


1.^5 


1.25 


0.82 


0.70 


1.05 


0.80 


0.85 


1.62 


1 .12 


1.09 


1 .08 


N. Toronto 


0.55 


0.80 


1.05 


0.60 


0.75 


0.90 


0.60 


0.70 


0.90 


0.78 


0.76 



Mean 



0.75 0.87 0.95 0.74 



0.83 



0.74 0.83 1.00 



0.86 



0.86 



0.84 



"Sludge was added before the first crop but not before crops 2, 3. 4 and 5 
Significance of "P' test at 0.05 and 0.01 probability 



Sludge source - .01 

Sludge rate - .05 

Sludge addition - N.S. 



Source x rate - N.S. 
Source x addition - N.S. 
Source x rate x addition 
Addition x rate - N.S. 



- .01 



TABLE 150. Lead Concentration in 7th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 



o 



Sludge 



Mean 



Sludge Not Added Since 5th Crop 



Sludge Added Before 7th Crop 



N rate lb/ac (kg/ha) 
178 712 1424 1424* 178 712 1424 1424* 

(200) (800) (1600) (1600) Mean (200) (800) (1600) (1600) Mean 



0.75 



0.88 0.93 



0.90 



0.86 



1.04 1.07 



1.04 



0.99 



1.04 



Mean 













Pb /ig/g 














None 






















0.30 


Aurora 


0.49 


0.45 


0.65 


0.75 


0.58 


0.80 


0.80 


0.85 


0.80 


0.81 


0.70 


Midland 


0.80 


0.60 


0.65 


1.55 


0.90 


0.95 


1.05 


1.15 


0.70 


0.96 


0.93 


Sarnia 


1.05 


1.30 


1.65 


1.20 


1.30 


1.25 


1.35 


1.35 


0.95 


1.23 


1.26 


Guelph 


0.39 


0.95 


1.10 


0.65 


0.77 


1.30 


1.80 


1.40 


1.60 


1.53 


1.15 


Fergus 


0.79 


1.05 


0.80 


0.60 


0.81 


0.45 


0.60 


0.80 


1.20 


0.76 


0.79 


N. Toronto 


0.99 


0.90 


0.70 


0.65 


0.81 


1.50 


0.80 


0.70 


0.70 


0.93 


0.87 



0.95 



*Sludge was added before the first crop but not before crops 2, 3,4 and 5 
Signifiance of "F" test at 0.05 and 0.01 probability 



Sludge source - .01 
Sludge rate - N.S 
Sludge addition - .01 



Source x rate - N.S. 
Source x addition - .01 
Addition x rate - N.S. 
Source x rate x addition 



- .05 



TABLE 151. Zinc Concentration in 6th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 



Sludge Not Added Before 6th Crop Sludge Added Before 6th Crop 

N rate lb/ac (kg/ha) Mean 

178 712 1424 1424* 178 712 1424 1424* 
Sludge (200) (800) (1600) (1600) Mean (200) (800) (1600) (1600) Mean 

Zn yg/g 
None 
Aurora 
Midland 
Sa rn i a 
Guelph 

Fergus 68 245 228 215 1 89 105 252 349 294 250 219 

N. Toronto 40 78 86 68 68 61 117 130 140 112 90 

Mean 49 118 148 120 109 68 149 214 212 160 135 



28 


39 


57 


43 


42 


28 


52 


73 


44 


49 


72 


189 


303 


232 


199 


60 


106 


139 


122 


106 













51 


35 


44 


70 


57 


51 


64 


32 


69 


78 


49 


57 


53 


04 


292 


490 


550 


359 


2 78 


69 


120 


170 


185 


136 


121 



*Sludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F" test at 0.05 and 0.01 probability 

Sludge source - .01 Source x rate - .01 

Sludge rate - .01 Source x addition - .01 

Sludge addition - .01 Addition x rate - N.S. 

Source x rate x addition - .01 



TABLE 152. Zinc Concentration in 7th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 



^1 



Sludge 



Mean 



Sludge Not Added Since 5th Crop 



Sludge Added Before 7th Crop 



N rate lb/ac (kg/ha) 
178 712 1424 1424* 178 712 1424 1424* 

(200) (800) (1600) (1600) Mean (200) (800) (1600) (1600) Mean 



40 



102 



173 



126 



110 



58 



108 



170 



152 



122 



Mean 













Zn /ig/g 














None 






















36 


Aurora 


23 


39 


59 


40 


40 


27 


38 


60 


36 


40 


40 


Midland 


22 


48 


74 


43 


47 


35 


62 


85 


70 


63 


55 


Sarnia 


57 


169 


343 


249 


204 


99 


209 


426 


413 


286 


245 


Guelph 


50 


84 


134 


130 


99 


50 


84 


120 


64 


79 


89 


Fergus 


56 


198 


357 


213 


206 


92 


181 


246 


240 


189 


198 


N. Toronto 


32 


73 


72 


80 


64 


47 


75 


86 


90 


75 


69 



116 



*Sludge was added before the first crop but not before crops 2, 3, 4 and 5 
Significance of "F" test at 0.05 and 0.01 probability 



Sludge source - .01 
Sludge rate - .01 
Sludge addition - .01 



Source x rate - .01 
Source x addition - .01 
Addition x rate - .01 
Source x rate x addition - .01 



TABLE 153- Zinc Concentration in 8th Crop of Ryegrass after Addition of Sewage Sludge before each 
of the First Five Crops. 








Sli 


udge Not 


Added Since 


5th Ci 


-op 


SI 


udge Added Before 


8th Crop 














N rate lb/ac 


(kg/ha) 








Mean 


SI udge 


178 
(200) 


712 
(800) 


ikzk 

(1600) 


1424* 
(1600) 


Mean 


178 
(200) 


712 
(800) 


1424 
(1600) 


1424* 
(1600) 


Mean 














2n ug/ 


9 












None 






















33 


Au ro ra 


36 


30 


50 


42 


39 


27 


48 


63 


48 


46 


43 


Midland 


31 


51 


68 


42 


48 


37 


64 


94 


65 


65 


56 


Sarnia 


118 


187 


318 


256 


219 


178 


309 


530 


336 


338 


279 


Guelph 


81 


112 


149 


124 


116 


60 


110 


157 


102 


107 


112 


Fergus 


85 


238 


408 


300 


258 


143 


388 


320 


388 


310 


284 


N . To ron to 


57 


k$ 


78 


72 


64 


60 


121 


129 


113 


106 


85 



Mean 



68 



11 



178 



139 



124 



84 



173 



215 



175 



162 



143 



*S1udge was added before the first crop but not before crops 2, 3» 4 and 5 
Significance of "F" test at 0.05 and 0.01 probability 



Sludge source 


• .01 


Sludge rate 


• .01 


Sludge addition - 


■ .01 



Source x rate - .01 
Source x addition - .01 
Addition x rate - .01 
Source x rate x addition - .01 



TABLE 154. Zinc Concentration in Crops 1 to 8 of Ryegrass Receiving Sewage 
Sludges from Sarnia and North Toronto before Each Crop. 



Crop Control (NH.N0-) Sarnia North Toronto 

kg N/ha 
200 200 800 1600 200 800 1600 



First 43 

Second 38 

Third* 31 

Fourth 32 

Fifth* 33 

Sixth 51 

Seventh* 36 

Eighth 33 



yg 


Zn/g 










59 


167 


241 


53 


64 


72 


105 


218 


211 


37 


66 


81 


92 


146 


245 


41 


70 


102 


64 


156 


103 


29 


68 


112 


44 


122 


165 


30 


58 


92 


104 


292 


490 


61 


117 


130 


99 


209 


426 


47 


75 


86 


177 


309 


530 


60 


121 


130 



The sludge from Sarnia supplied the greatest amount of zinc in the experiment, 
while the North Toronto sludge may be considered to be average among the 
sludges used in its zinc content 
•Indicates pots were leached after sludge application but before seeding. 
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TABLE 155. Mercury Concentration in Ryegrass from Selected Treatments of Greenhouse 
Experiment. 



Sludge Sludge Not Added Sludge Added Before 

Treatment After 5th Crop Each Crop 

yg Hg/g 

6th Crop 

Midland 800 kg N/ha 0.07 0.07 

Midland 1600 kg N/ha 0.07 0.08 

N. Toronto 800 kg N/ha 0.09 0.08 

N. Toronto 1600 kg N/ha 0.08 0.08 

Control 0.07 



7th Crop 

Midland 800 kg N/ha 0.07 0.07 

Midland 1600 kg N/ha 0.08 0.08 

N. Toronto 800 kg N/ha 0.08 0.08 

N. Toronto 1600 kg N/ha 0.09 0.08 

Control 0.07 



8th Crop 

Midland 800 kg N/ha 
Midland 1600 kg N/ha 
N. Toronto 800 kg N/ha 
N. Toronto 1600 kg N/ha 
Control 



+ Indicates result of one replicate or of samples composited from two replicates 
because of insufficient plant material. 



0.09 + 




0.05 + 


0.10 + 




0.10 + 


0.09 + 




0.07 


0.09 + 


— — 0.06 + 


0.08 
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TABLE 156. Molybdenum Concentration in Ryegrass from Selected Treatments of 
Greenhouse Experiment. 



SI udge 


Sludge 


: Not 


Added 


Sludge Added Before 


Treatment 


After 


5th 


Crop. 


Each Crop 








yg Mo/g 




6th Crop 










Midland, 800 kg N/ha 


0.63 






1.02 


Midland, 1600 kg N/ha 


0.90 






0.98 


Guelph, 800 kg N/ha 


1.80 






0.70 


Guelph, 1600 kg N/ha 


1.02 






1.16 


Control 










7th Crop 










Midland, 800 kg N/ha 


0.5^ 






0.50 


Midland, 1600 kg N/ha 


0.59 






0.48 


Guelph, 800 kg N/ha 


1.05 






1.06 


Guelph, 1600 kg N/ha 


0.89 






0.87 


Control 






U.z/ 




8th Crop 










Midland 800 kg N/ha 


0.28 + 






1.90 + 


Midland, 1600 kg N/ha 


1.61 






1.71 


Guelph, 800 kg N/ha 


0.65 






1.59 


Guelph, 1600 kg N/ha 


0.89 






1.85 


Control 











+ Indicates result of one replicate or of samples composited from two 
replicates because of insufficient plant material. 
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TABLE 157. Selenium Concentration in Ryegrass from Selected Treatments of 
Greenhouse Experiment. 



Sludge Sludge not Added Sludge Added Before 

Treatment After 5th Crop Each Crop 



ug Se/g 



6th Crop 

Aurora 1 600 kg N/ha 0.04 0.07 + 

Midland 1600 kg N/ha - 0.03 

Midland 1 600 kg N/ha* - 0.03 

Guelph, 800 kg N/ha - 0.04 

Guelph 1600 kg N/ha 0.14 0.07 

Control 0.02 + 



7th Crop 



.+ 



Aurora 1600 kg N/ha 0.06 0.04 

Midland 1600 kg N/ha 0.04 + 0.04 + 

Midland 1600 kg N/ha* " 0.03 

Guelph 1600 kg N/ha 0.06 0.12 

Contro1 0.02 + 



8th Crop 

Aurora 1600 kg N/ha 
Aurora 1600 kg N/ha* 
Midland 1 600 kg N/ha 
Midland 1600 kg N/ha* 
Guelph 1600 kg N/ha 
Guelph 1600 kg N/ha* 
Control 



0.06 + 




0.06 


0.05 + 




0.06 


0.06 + 






0.05 + 




0.04 


0.1 2 + 




0.04 


— 


0.07 + 


0.11 



*Sludge added before first crops but not before crops 2, 3, k and 5. 

+ Indicates result of one of two replicates, or of samples composited from 
two replicates if plant material was insufficient. 

Some treatments were analysed in one crop but not in another because of 
lack for material for analysis. 
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6 EXTRACTION OF METALS IN SOIL 

The measurement of total metal content of soils requires very 
laborious dissolution techniques using either digestion with HF or fusion 
with Na CO . Aqua regia has been used to extract metals from sewage 
sludge with better than 90% recoveries for most metals (Van Loon, 197*0. 
Elsewhere in the report, we determined the movement of sludge-added metals 
in the soil using aqua regia as an extractant. The following are the 
results of preliminary investigations to determine if aqua regia could 
satisfactorily extract and recover metals added in sludge to soil. 

6.1 Materials and Methods 



The location and most recent usage of the 21 samples of nine 
different soils used are described in Table 158. 

Air-dried samples were ground to pass through a 2 mm stainless 
steel sieve. Subsamples were taken and ground with a mullite pestle and 
mortar to pass through a 100-mesh sieve. 

Total metal content was determined using HF-HC1 digestion 
(Pawluk, 1967)» with the following modifications to include trace metal 
analysis: ignition at **00 C to destroy the organic matter, and dissolv- 
ing the digestion residue in 8 ml of 2 N^ HC 1 and diluting to 25 ml (instead 
of 250 ml). 

Extraction with aqua regia followed the method of Van Loon and 
Lichwa (1973), but using one gram of soil. 

Elemental analysis was made with a Techtron AA6 atomic 
absorption spectrophotometer, using a simultaneous background correction 
when required. Results are based on at least duplicated runs. 

6.2 Results and Discussion 

In this section, recovery of metals from soil with aqua regia 
is presented and discussed with respect to total metal extraction with 
HF-HC1. Precision of analysis was not always completely satisfactory 
because of the extreme difficulty in obtaining a representative subsample 
from some samples. It was therefore necessary in some instances to 
report the mean of triciplicate or quadruplicate analyses results and 
these are presented in Table 159. 
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Aluminum recovery was poor, mostly 50% or less. This is not 
unexpected as aqua regia only partially breaks down the silicate 
minerals. 

Calcium recovery was variable from soil to soil, ranging from 
less than 20% to 100%, but was mainly less than 75%. Recovery appeared 
to be lower in cultivated soil to which no sludge was added. 

Iron recovery varied from 49-90%, with the recovery from 
sludge-amended soil approximately 75%. 

Manganese extractabi 1 i ty with aqua regia ranged from 60 to 100%. 
Complete recovery was obtained with sludge-amended Grimsby sandy loam but 
not with the unamended soil. Recovery of Mn with aqua regia from sludge- 
amended soils from the field experiments was lower than from the 
greenhouse experiment. 

Cadmium recovery was consistently greater with aqua regia than 
recovery with HF-HC1. This suggests that Cd may be lost in the HF-HC1 
method. 

Copper extraction efficiency with aqua regia was mostly within 
± 20% of that with HF-HC1, indicating the recovery was essentially 
complete, particularly with sludge-amended soils. 

Chromium recovery varied from 38% to 120%, with that of sludge- 
amended soils ranging from 75 to 120%, thus indicating more or less 
complete recovery of chromium added in sludge. The lower recovery of 
'native' soil chromium in samples one to eight and in cultivated soils 
not receiving sludge suggests that the Cr in these soils might be held in 
mineral structures. 

Lead recovery with aqua regia ranged from 80 to 120% except 
with the low lead samples from check plots of experiments with sludge. 
This indicates that Pb added in sludge to soils was more or less completely 
recovered. 

Nickel recovery was in the range of 80 to 110%. An exception 
was a check plot soil from a field experiment where recovery was 63%. 
The results suggest that sludge Ni added to soil was nearly completely 
extracted. 

Zinc recovery ranged from 65 to 100%. An exception was sample 
number nine from which only ^7% Zn was extracted with aqua regia. The 
majority of sludge-amended soil samples gave recoveries exceeding 80%. 
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6.3 Summary and Conclusions 

Aqua regia only partially extracts Al , Fe, Ca and Cr from soil. 
The amounts of Al and Fe added in sludges are small compared to 'native' 
soil Al and Fe, making an assessment of extractabi 1 ity of sludge-added Al 
and Fe difficult. However, aqua regia only partially recovers Ca in 
lime-sludge amended soil. More or less complete extraction was achieved 
for Cd, Cu, Pb, Ni and Zn. Aqua regia extracts had higher Cd values than 
HF-HC1 extracts, suggesting that Cd may be lost in some way in -the latter 
dissolution technique despite precautions such as lowering the ignition 
temperature to ^00 C. In both loamy sand (Grimsby and Caledon) soils 
that were used in sludge experiments, 'native' soil Pb, Zn, Cu and Ni in 
check treatments appear to be incompletely extracted. This might, however, 
be due to the intrinsic low levels in the unamended soil making chemical 
analysis less precise. In conclusion, aqua regia is a satisfactory 
extractant of Cd, Cu, Pb, Ni , Zn and to a lesser extent Cr, for use in 
measuring metal accumulations resulting from sludge additions in soils. 
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TABLE 158. Description of Soil Samples Used. 



Sample No. Description 



1 A sandy loam from a peach orchard near Welland, Ontario; 
unsprayed area 

2 As in 1, but from a sprayed area 

3 Snow dump site, west of St. Paul Street, St. Catharines, Ontario 

4 Surface soil, 200 ft. southwest of Inco Steel Stack 

5 Surface soil, 1000 ft. northeast of Inco Steel Stack 

6 Surface soil at the end of Gordon Street between Union 
Carbide plant and canal, Port Colborne, Ontario 

7 Snow dump site near North Toronto sewage treatment plant 

8 A loam soil that had received 7 years of sludge application, 

south of control tower, Toronto airport 

9 Grimsby sandy loam, check treatment, Greenhouse experiment 

10a* As in 9 but received lime-treated sludge from Midland 

10b 

11a As in 9, but received alum-treated sludge from 

lib Guelph 

12a As in 9, but received iron -treated sludge from 

12b Fergus 

13a As in 9, but received iron-treated sludge from 

13b North Toronto 

14 Conestoga silt loam, surface soil, cropped to corn; 

check plot 

15 As in 14, but received lime-sludge for 3 years 

16 As in 14, but received alum-sludge for 3 years 

17 As in 14, but received iron-sludge for 3 years 

18 Caledon loamy sand, surface soil; cropped to corn, 
check plot. 

19 As in 18 but received alum-sludge over a 3 year period 

20 As in 18 but received lime sludge over a 3 year period 

21 As in 18 but received iron sludge over a 3 year period 



*a sludge applied at 1600 kg N/ha once only to crop 1 
b sludge applied at 1600 kg N/ha/crop for five crops 



TABLE 159- Extraction of Metals from Various Soil Samples with Hydrofluoric 
Acid and Aqua Regia. 



Sample No. 


. 


\1 


Ca 




Fe 


i 


Mn 




Cd 






AR 


HF-HC1 


AR ; 


HF-HC1 


AR 


HF-HC1 


AR HF-HC1 


AR HF- 


■HC1 




«—• 






— mg/g- 










Pg/g 
















1 


9 


35 


1.5 


5.1 


10 


16 


0.33 


0.29 


0.30 


0.20 


2 


11 


32 


2.1 


5.2 


11 


14 


0.15 


0.22 


0.30 


0.20 


3 


14 


28 


41 


56 


33 


43 


0.76 


1.07 


0.57 


0.50 


4 


4 


27 


20 


33 


204 


227 


1.30 


2.30 


3.5 


4.1 


5 


30 


56 


30 


27 


34 


43 


0.54 


0.78 


0.47 


0.20 


6 


24 


57 


17 


17 


17 


22 


3.80 


4.25 


1.15 


1.04 


7 


13 


28 


54 


104 


17 


28 


0.41 


0.86 


2.2 


2.0 


8 


30 


61 


4.0 


8.0 


26 


33 


0.69 


0.73 


0.87 


0.40 


9 


12 


58 


0.6 


5.5 


17 


28 


0.89 


1.35 


0.30 


0.30 


10a 


13 


43 


29 


40 


17 


22 


0.81 


0.91 


1.8 


1.4 


10b 


14 


45 


3.5 


7.4 


18 


23 


0.90 


0.97 


0.90 


1.0 


11a 


14 


50 


2.5 


7.0 


19 


25 


0.85 


0.88 


13.2 


12.0 


lib 


13 


41 


0.8 


5.0 


18 


21 


0.85 


0.75 


2.9 


2.3 


12a 


13 


46 


1.5 


5.7 


19 


23 


0.86 


0.60 


1.5 


0.80 


12b 


14 


44 


0.8 


5.1 


19 


22 


0.90 


0.84 


0.90 


0.60 


13a 


13 


41 


1.3 


5.3 


19 


24 


0.73 


0.74 


1.0 


0.50 


13b 


12 


40 


0.7 


5.1 


18 


24 


0.82 


0.83 


0.40 


0.30 


14 


15 


47 


8.0 


15 


20 


28 


0.75 


0.89 


0.38 


0.20 


15 


14 


43 


26 


37 


19 


26 


0.75 


0.90 


0.53 


0.35 


16 


17 


49 


11 


16 


19 


27 


0.69 


0.81 


0.66 


0.47 


17 


17 


43 


9.0 


12 


23 


29 


0.74 


0.81 


1.27 


0.98 


18 


9 


39 


4.0 


10 


11 


17 


0.64 


0.87 


0.30 


0.20 


19 


9 


39 


5.0 


9.0 


11 


16 


0.53 


0.65 


0.70 


0.45 


20 


9 


33 


24 


34 


12 


17 


0.62 


0.78 


0.76 


0.58 


21 


9 


38 


8.0 


10 


12 


18 


0.59 


0.78 


0.68 


0.58 
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TABLE 159. (Cont'd) 



Sample No . 




Cr 


Cu 




Pb 


Ni 




Zn 






AR 


HF-HC1 


AR 


HF-HC1 AR HF-riCl 


AR HF-HC1 


AR HF 


-HC1 












i 






















-/Jg/g ' 












1 


9 


14 


24 


30 


18 


24 


9 


12 


45 


52 


2 


9 


14 


35 


42 


22 


26 


10 


11 


39 


53 


3 


22 


47 


40 


53 


123 


126 


29 


39 


120 


182 


4 


39 


84 


1660 


1980 


309 


273 


16,500 


19,440 


1510 


1760 


5 


27 


55 


236 


282 


46 


57 


1,880 


2,140 


150 


213 


6 


158 


569 


112 


128 


62 


71 


89 


98 


438 


500 


7 


17 


37 


51 


68 


421 


436 


20 


21 


249 


329 


8 


26 


44 


29 


31 


29 


35 


20 


23 


94 


119 


9 


9 


27 


24 


34 


15 


24 


13 


16 


40 


84 


10a 


149 


190 


105 


104 


175 


149 


717 


654 


298 


304 


10b 


75 


89 


46 


54 


94 


92 


279 


271 


103 


131 


11a 


118 


154 


150 


148 


77 


69 


19 


19 


373 


375 


lib 


44 


48 


60 


60 


34 


34 


12 


14 


130 


155 


12a 


64 


57 


237 


188 


34 


28 


21 


21 


632 


615 


12b 


32 


41 


99 


98 


18 


21 


14 


13 


175 


203 


13a 


19 


26 


59 


60 


55 


45 


12 


14 


134 


149 


13b 


11 


23 


33 


33 


22 


24 


10 


13 


58 


90 


14 


23 


29 


19 


20 


20 


21 


13 


15 


84 


113 


15 


25 


33 


34 


33 


27 


28 


13 


14 


142 


150 


16 


254 


208 


43 


40 


29 


32 


25 


25 


224 


225 


17 


36 


43 


66 


64 


81 


78 


15 


16 


185 


198 


18 


13 


20 


15 


18 


13 


24 


6.3 


10 


73 


100 


19 


133 


103 


35 


18 


21 


26 


14 


16 


176 


169 


20 


25 


28 


44 


48 


24 


31 


10 


11 


174 


184 


21 


25 


33 


34 


39 


20 


24 


9 


11 


121 


144 



7 NITROGEN STUDIES ON SLUDGE 

7. 1 General Objectives 

1) To determine the availability of N in chemically treated 
sludges to crop plants,, 

2) To estimate losses of N to ground and drainage waters. 

7.2 Nitrate and Ammonium in Soil Profiles 

7.2.1 Objective 

To determine the production and movement of NO in soil of 
selected sludge-treated plots with respect to soil texture and crop (corn 
vs grass). 

7.2.2 Methods 

7.2.2.1 Soil profile sampling for NO , NH, and pH . Soil pH, % HO, 

+ — 

exchangeable NH, , and NO were determined on samples obtained from 

the soil profile of selected plots from corn and grass experiments at the 

Elora Research Station as well as from the corn experiment at Cambridge. 

These samples were taken in late April to furnish an estimate of NO 

losses and changes in pH and exchangeable NH, over the winter months of 

1975-76o Plots receiving 0, 400 and 800 kg N/ha of the iron-sludge were 

sampled at the 0-6 (0-15), 6-12 (15-30) , 12-18 (30-45), »H4 (*»5-60) , 2*4-36 

(60-90) inch (cm) layers. 

7.2.2 2. Subsoil solution sampling . Subsoil solution samplers were 
placed at the 45 or 90 cm depth in selected plots which received 200, 400, 
800, and 1600 kg N/ha as Fe-sludge, 1600 kg N/ha as Al- or Ca- sludge, and 
100 and 400 kg N/ha as NH.N0. fertilizer on the corn experiment at the 
Elora Research Station. Three replicates of most treatments were sampled on 
April 1 and April 7, 1976, although in some cases samples were only 
obtainable in one or two of the replicates of each treatment. 

Samplers were also placed at the 90 cm depth in plots of the 
runoff experiment at the Elora Research Station which received 100 kg N/ha 
as NH.N0 or 800 kg N/ha as Fe-sludge applied in the spring of 
previous years. Two samplers per plot were placed in each replication of 
treatments on the 1% slope. Samples were taken on April 1 and April 7, 
1977. 
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Both NO and CI analyses were made on the collected 
samples. 

7.2.3 Results 

7.2.3.1 Soil profile sampling for NO " NH, and pH . The NO. -N 
concentration in both the loamy sand (Table 160, Cambridge) and silt loam 
(Table 161, Elora) profiles of the corn experiments increased significantly 
where sludge was applied the previous year. In the loam sand profile the 
NO ~-N concentration did not appear to increase from the 400 to 800 kg 
N/ha treatment (Table 160) whereas there was a substantial increase in the 
silt loam soil profile for these treatments (Table 161). It is noteworthy 
that the NO -N concentration did not generally vary with depth in the 
soi 1 prof i le. 

In the grass experiment, the NO- -N concentration increased 
significantly with increasing rate of application of sludge (Table 162). 
Also, there was a significant decrease in NO, -N concentration with 
depth in the soil profile. The NO -N concentration was generally 
lower in the soil profile under grass (Table 162) than under corn (Table 
161). 

The rate of sludge application had no influence on the NH, -N 
concentration in the soil profile at any of the sites (Tables 160, 161 and 
162). There were significant decreases in NH.-N concentration with 
depth regardless of sludge treatment. 

The pH of the soil profiles generally increased significantly 
with depth (Tables 160, 161 and 162). The pH decreased with increasing 
sludge applied in the upper layers of the silt loam profile under corn 
(Table 161). In the loamy sand profile, the intermediate level of applied 
sludge (400 kg N/ha) appeared to have caused the greatest reduction in 
soil pH (Table 160). 

7„2o3c2 Subsoil solution sampling . At the 45 cm depth in the corn 
experiment, the N0_ -N concentration was much higher with the sludge 
applications (1600 kg N/ha) than with the NH^NO (100 kg N/ha) (Table 
163). However, even the NO- -N concentration with NH.NO was 
higher than that normally considered to be acceptable. The CI concen- 
tration was also higher with sludge than with NH.NO fertilizer. 
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At the 90 cm depth in the corn experiment, the N0_ -N concen- 
tration in the subsoil solution increased threefold with ^00 kg N/ha 
compared with 100 kg N/ha as NH.NO . The NO. -N concentration 
generally increased with the increase in sludge applied although there was 
some variability from April 1 to April 7. The CI concentration was 
generally higher with the sludge applications. 

In the runoff experiment, the NO- -N and CI concentrations 
were generally higher with the sludge treatment. 

7. 2. ** Summary and conclusions 

The NO -N concentration was higher where sludge was applied 
in previous years on the corn experiment, suggesting that residual sludge 
N was being mineralized and nitrified. The NO -N concentration in the 
soil profile was generally lower under grass than under corn. Subsurface 
soil solutions sampled in early April contained relatively large quantities 
of NO -N where excessive quantities of N were applied. Presumably 
this NO is liable to leaching into the groundwater or drainage 
waters. 

7„3 Residual Nitrogen Available to Corn 

7.3-1 Objective 

To estimate the residual N available to a corn crop from sludge 
applied in previous year(s). 

7.3.2 Methods 

Different N fertilizer treatments (0, 67, 13* kg N/ha) as 
NH.NO were superimposed on plots which were previously used to study 
sludge nutrient runoff from land with a two percent slope. The N 
fertilizer treatments were applied just before corn was planted in May. 
The sludge treatments for each year of the previous three years were as 
f o 1 1 ows o 

1) Check - 100 kg N/ha as NH^NO fertilizer, 

2) 200 kg N/ha; sludge applied in winter, 

3) 800 kg N/ha; sludge applied in winter, 
k) 200 kg N/ha; sludge applied in spring, 

5) 800 kg N/ha; sludge applied in spring, 

6) 200 kg N/ha; sludge applied in fall, 

7) 800 kg N/ha; sludge applied in fall. 
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The first sludge application was made in the fall of 1972, 
whereas the last sludge application was made in the winter of 1976 to the 
appropriate plots. This meant that the plots with the fall and winter 
sludge treatments received a total of four annual applications of sludge, 
whereas the plots with the spring sludge treatment received only three 
annual applications. 

The soil in the 0-7 (0-18) and 7-14 08-36) inch (cm) layers in 
each of the N fertilizer subplots was sampled on April 8 and June 22. Soil 
pH, % HO, exchangeable NH and soluble NO- were determined. 

Grain yields were obtained following harvesting on October 14 and 
expressed on the basis of 15% moisture content, 

7.3.3 Results 

7.3-3.1 NO -N concentration in soil . The winter and fall applications 
of sludge appeared to significantly increase the NO -N concentration 
over the check treatment and spring application treatments in both soil 
layers at the April 8 sampling (Table 164). The lower concentration in 
plots where sludge was applied last in the spring, 1975, was probably due 
to the fact that the applications in the fall, 1975, and winter, 1976, 
contributed significantly to the ammonium supply and hence the nitrate 
content in the soil, whereas the ammonium in the previous spring application 
had disappeared over the more lengthy time interval. However, it is sur- 
prising that some nitrification of ammonium occurred as early as April 8. 

By the June 22 sampling time, sludge applied the previous fall 
or winter greatly increased the NO -N concentration in both layers 
over that for the check plot (Table 164). With the spring application, 
only the 800 kg N/ha treatment of sludge substantially increased the 
NO -N concentration in the 0-7 inch layer. 

The application of fertilizer N before planting in 1976 resulted 
in significant increases of NO -N concentration with the June 22 
sampling (Table 165). 

7.3.3.2 NH , -N concentration in soil . The NH, -N concentration 
increased with sludge rate in both soil layers over those in the check 
plot, with the exception of the spring applied sludge treatment at the 



of the April 8 sampling (Table 166). Increasing the quantity of NH.NO 
applied before planting in 1976 generally increased the NH, -N concentra- 
tion in both soil layers with the June 22 sampling (Table 167). 

7.3.3.3 Soi 1 pH . Although pH changes were not great, increasing the 
rate of NH.NO. applied before planting In 1976 resulted in a 
significant decrease in pH by the time of the June 22 sampling (Table 
168). This was probably due to acidification caused by nitrification of 
NH, ions from the NH.NO fertilizer. Previous applications of 
sludge, particularly at the 800 kg N/ha level, tended to decrease soil 
pH si ightly (Table 168). 

Soil pH of the 7~l4 inch layer (7.58) was generally higher that 
that for the 0-7 inch layer (7.49) at the April 8 sampling. At the June 
22 sampling, the pH of the 7-14 inch layer was 7=38, whereas that for the 
0-7 inch layer was 7.30 showing a slight decrease when compared with the 
Apri 1 8 samples. 

7.3.3.4 Grain corn yields. There was an expected response to N 
fertilizer applied to the check plots (Table I69). There was an apparent 
response to fertilizer N where 200 kg N/ha as sludge was applied, but not 
where 800 kg N/ha was applied in the previous fall or winter. Where 
sludge was previously applied in the spring at the 200 kg N/ha rate, 
there was no apparent residual effect and this was comparable with the 
check plot response to N applied in 1976. However, there was an apparent 
residual affect with spring applied sludge at the 800 kg N/ha rate, 
although there was apparently insufficient N with this treatment to fully 
supply the crop requirement for 1976. 

7 3.4 Summary and conclusions 

Applications of sludge the previous fall or winter significantly 
increased NO ~-N content in the 0-7 and 7-14 inch soil layers. 
However, the NO ~-N content was not as great where sludge was applied 
in previous springs. There was some nitrification of residual sludge N 
by June 22 where 800 kg N/ha was applied. The NH, -N concentration in 
the soil was increased at the April 8 sampling by sludge applications the 
previous fall and winter, but not the previous spring. The addition of N 
either as fertilizer or sludge resulted in slight decreases in soil pH. 
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There was a response to residual sludge N applied in the 
previous spring (s) only where a rate of 800 kg N/ha was used, 

7 .k Ammonia Volatilization Estimates 

7.4.1 Objective 

To determine the quantity of ammonia volatilized from newly 
applied sludge in the field by sludge and soil analyses. 

7. 4-2 Methods 

2 
Two gallons of sludge was applied to small plots (4 feet or 
2 
0.37 m ) at the Elora Research Station,, The soil (silt loam) was 

previously rotovated to a depth of approximately 12 cm and then levelled. 

The sludge layer and soil beneath it were sampled periodically to determine 

changes in NH, and NO- levels and hence estimate NH volatilization 

losses. After the sludge layer was sampled (removed), ten soil cores (2.5 

cm diam.) were taken and separated into 0-2, 2-4 and 4-6 cm layers. The 

ten core samples from each layer were composited and immediately frozen in 

plastic bags for subsequent determination of HO content, exchangeable 

+ - 

NH, and soluble NO . The first sampling was made 15"30 minutes 

after sludge application. Samplings were also made on the second, third, 

and fourth days (at approximately the same time as for day one), and then 

every third or fourth day until the third week after application. Three 

sampling periods were chosen as follows to provide a range of soil and 

atmospheric environment conditions. The sludge source is indicated for 

each sampling period. 

Period Sludge Source 

(a) June 8 - June 24 Guelph 

(b) July 27 - August 12 North Toronto 

(c) October 5 - October 19 Guelph 

7.^.3 Results 

Knowing the soluble plus exchangeable NH, -N content of the 

sludges, it was possible to calculate the quantity applied on an area of 

2 ' + 

one cm . Similarly, it was possible to calculate the NH, -N and 

NO -N concentrations in the sludge and soil layers on a surface area 

basis knowing the soil bulk density (1.0 g/cc) . When these data were 
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evaluated, there were many discrepancies and unexplainable variations so 

+ + 
that it was decided to sum and present the data for NH, -N and NH, -N 

+ NO ~-N concentrations in the sludge and soil layers (Tables 170, 171 

and 172). 

There was usually a large discrepancy between the quantity of 
NH. -N applied and that determined in the sludge and soil layers 
shortly after sampling (Tables 1 71 and 172). There is no explanation 
available for this observation. In general, however, the NH, -N 
content of the sludge and soil layers decreased with time. Rainfall 
which occurred would not be expected to leach NH, ions from the 
sampling zone. Therefore, the only "sinks" for NH, would be 
volatilization, immobilization or nitrification. 

It appeared that considerable quantities of NH, were nitri- 
fied to NO even after a surprisingly short period following applica- 
tion. However, the NO formed following sludge application was subject 
to leaching with rainfall. Deni tri f ication. of NO may have also 
occurred in anaerobic microsites in the soil following rainfall events, but 
this was difficult to ascertain in this study. 

~}.k.k Summary and conclusions 

Contrary to expectations, determination of NH, -N and 
NO ~-N concentrations in sludge and soil layers periodically following 
sludge application did not provide information of any value on ammonia 
volatilization. This method was expected to provide some in information 
on the influence of differences in atmospheric and soil environments on 
ammonia volatilization in a relatively inexpensive and rapid manner. Such 
was not the case, which further emphasizes the fact that N is a complex 
element in our environment. It also appears that measuring NH 
volatilization under field conditions may only be realistically done using 
the "meteorological" method reported in the I975~76 report (Research Report 
No. 60). 
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TABLE 160. NO3-N and NH^-N Concentrations in and pH of Loamy Sand Profile (Cambridge, 
Corn Experiment) of Plots having Received Different Quantities of Fe- 
Treated Sludge. Sampled April 5, 1976. 



Dept h Sludge Rate lb N/ac (kg N/ha) Significance of Effect* 

Inch (cm) 356(400) 712(800) Depth Rate DXR 



0-6 ( 0-15) 

6-12 (15-30) 

12-18 (30-^5) 

18-24 (45-60) 

24-36 (60-90) 

0-6 ( 0-15) 

6-12 (15-30) 

12-18 (30-45 

18-24 (45-60) 

24-36 (60-90) 



0-6 ( 0-15) 

6-12 (15-30) 

12-18 (30-45) 

18-24 (45-60) 

24-36 (60-90) 





N0 3 -N /ig/g 










3.4 


4.5 


4.4 








3.7 


5.7 


5.4 








2.9 


5.0 


5.4 


N.S. 


0.005 


N.S. 


3.1 


6.2 


4.9 








3.2 


6.0 
NH^-N 4g/g 


3.5 








5.2 


5.7 


5.8 








3.3 


3.4 


2.8 








1.8 


1.8 


1.5 


0.005 


N.S. 


N.S. 


1.4 


1.6 


1.2 








1.2 


1.2 
PH 


1.0 








7.9 


7.7 


7.9 








8.0 


7.7 


8.0 








8.0 


7.8 


8.0 


0.005 


0.05 


N.S. 


8.1 


8.1 


8.0 








8.2 


8.1 


8.2 









* 0.05, 0.01 and 0.005 indicate level of significance by 'F' test. 
N.S. indicates effect not significant at 0.05 level of probability 
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TABLE 161. NO3-N and Nfy-N Concentration in and pH of Silt Loam Profile (Elora, 
Corn Experiment) of Plots having Received Different Quantities of Fe- 
Treated Sludge. Sampled April 6, 1 976. 



Depth Sludge Rate lb N/ac (kg N/ha) Significance of Effect- 

Inch (cm) 356(400) 712(800) Depth Rate DXR 



0-6 ( 0-15) 

6-12 (15-30) 

12-18 (30-^5) 

18-24 (45-60) 

24-36 (60-90) 

0-6 ( 0-15) 

6-12 (15-30 

12-18 (30-45) 

18-24 (45-60) 

24-36 (60-90) 



0-6 ( 0-15) 

6-12 (15-30) 

12-18 (30-45) 

18-24 (45-60) 

24-36 (60-90) 





N0 3 -N 


/jg/g 








7.3 


8.0 




13.3 






6.0 


9.2 




16.6 






5.0 


9.4 




18.4 


N.S. 0.005 


N.S. 


4.3 


8.0 




21.9 






4.2 


9.6 
NH^ON 


jug/g 


20.3 






5.9 


6.2 




6.3 






4.0 


4.6 




3.7 






1.5 


1.8 




1.7 


0.005 N.S. 


N.S. 


1.1 


1.1 




1.4 






0.8 


1.1 
_j>H 




0.8 






7.8 


7.7 




7.5 






7.8 


7.8 




7.6 






8.0 


7.8 




7.7 


0.005 0.005 


N.S. 


8.0 


7.9 




7.8 






8.2 


8.0 




7.9 







0.05, 0.01 and 0.005 indicate level of significance by 'F' test. 
N.S. indicates effect not significant at 0.05 level of probability. 
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TABLE 162. NO3-N and NH^-N Concentrations in and pH of Silt Loam Profile (Elora, 
Bromegrass Experiment) of Plots having Received Different Quantities 
of Fe-Treated Sludge. Sampled April 7, 1976. 



De P tn Sludge Rate lb N/ac (kg N/ha) Significance of Effect * 

ncn ( cm ) 356(400) 712(800) Depth Rate DXR 



_N0 3 -N .ug/g 



0-6 ( 0-15) 5.0 6.3 9.3 

6-12 (15-30) 5.4 5.6 8.6 

12-18 (30-^5) 3.8 kj 7.4 0.005 0.005 N.S 

18-24 (45-60) 3.3 4.6 5.4 

24-36 (60-90) 4.3 4.3 5.8 



NH 



^-N>jg/g 



0-6 ( 0-15) 9.2 8.0 6.9 

6-12 (15-30) 5.4 5.5 4.7 

12-18 (30-45) 1.9 2.0 2.2 0.005 N.S. N.S 

18-24 (45-60) 1.2 1.7 1.3 

24-36 (60-90) 1.0 1.2 0.7 

P H 



0-6 ( 0-15) 7.6 7.7 7.6 

6-12 (15-30) 7.6 7.7 7.7 

12-18 (30-45) 7.7 7.8 7.9 0.005 0.05 N.S 

18-24 (45-60) 7.7 7.9 8.0 

24-36 (60-90) 7.8 8.0 8.2 



* 0.05, 0.01 and 0.005 indicate level of significance by 'F' test. 
N.S. indicates effect not significant at 0.05 level of probability. 
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TABLE 163. Nitrate-N and Chloride Concentrations in Soil Solution Sampled at the 45 and 90 cm Depths 
from the Corn and Runoff Experiments at the Elora Research Station in 1976. 



Corn Experiment, Elora 
A. k5 cm depth 

NH.NO 100 kg N/ha 
Ca-sludge, 1 600 kg N/ha 
Al -sludge, 1 600 kg N/ha 
Fe-sludge, 1 600 kg N/ha 



I A/76 



N0 3 -N 



7/4/76 



(yg/ml) 

21 (3)* 24 (3) 

137 (3) 148 (2) 

75 (2) 107 (3) 

80 (2) 102 (3) 



Chloride 



I A/76 



7/^/76 



yg/ml) 



13 (3)* 


10 (2) 


39 (3) 


34 (2) 


19 (3) 


15 (3) 


26 (3) 


24 (3) 



-c- 



B. 90 cm depth 

NH.NO , 100 kg N/ha 
NH.NO , 400 kg N/ha 
Fe-sludge, 200 kg N/ha 
Fe-sludge, 400 kg N/ha 
Fe-sludge, 800 kg N/ha 



38 (2) 


43 (1) 


96 (3) 


91 (3) 


50 (2) 


58 (2) 


50 (3) 


98 (3) 



70 (3) 



76 (3) 



34 (2) 


23 (2) 


28 (3) 


29 (3) 


45 (2) 


44 (2) 


36 (3) 


32 (3) 


24 (2) 


38 (3) 



2. Runoff Experiment (90 cm depth) 
NH.N0 v 100 kg N/ha 
Fe-sludge, 800 kg N/ha (spring applied) 



7 (3) 
66 (3) 



12 (3) 
57 (3) 



12 (3) 
17 (3) 



* Numbers in parentheses indicate the number of replicates on which each datum is averaged. 



10 (3) 
23 (3) 



TABLE 164 N0_-N Concentration in Soil from Residual Sludge Nitrogen Experiment as Affected by Depth and 
Previous Sludge Treatments Sampled on April 8 and June 22, 1976. 



Previous sludge 

treatments 

Rate When 
kg N/ha appl ied 



Check 

200 

800 

200 

800 

200 

800 



Mean 



Winter 

Winter 

Spring 

Spring 

Fall 

Fall 



April 8 



5 

13 
28 
6 
8 
12 
31 



4 

7 
14 

5 

5 

9 

16 



15 



Date of Sampl ing 



Depth 



- 7 in. 7 - 14 in Mean 



- 7 in 



^jg N0yN/g_ 



5 
10 
21 
5 
7 
10 
23 



36 
54 
91 
31 
49 
49 
82 



12 



56 



June 22 



7 - 14 in 



28 
39 
60 

23 
30 
40 
48 



38 



Mean 



32 
47 
76 
27 
39 
44 

65 



47 



100 kg N/ha as NH.N0- applied in Spring 

Sludge treatment, depth and sludge - depth interaction are significantly different at 0.005 probability by 'F 

test on April 8 and June 22 samplings. 



TABLE 165. NO3-N Concentration in Soil from Residual Sludge Nitrogen Experiment as 
Affected by Previous Sludge Treatments and Current Fertilizer-N Rates. 
Sampled June 22, 1976. 



Previous 


sludge 


Ferti 1 izer 


N Rate 


(kg N/ha as 


NH /4 N0 3 ) 




treatments 














Rate 


When 
appl ied 





67 






134 


Mean 




kg N/ha 
















W 


N0 3 - 


-N/g 






Check* 




17 


32 






46 


32 




200 


Winter 


25 


27 






88 


47 




800 


Winter 


48 


70 






109 


76 




200 


Spring 


16 


24 






40 


27 




800 


Spring 


28 


33 






57 


39 




200 


Fall 


27 


46 






60 


44 




800 


Fall 


50 


81 






64 


65 




Mean 




30 


45 






66 


47 





NH^NO-, 100 kg N/ha applied in Spring 

Sludge treatment and fertilizer N rate are significantly different at 0.005 

probability by 'F' test. 
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TABLE 166. NH^-N Concentration in Soil from Residual Sludge Nitrogen 
Experiment as Affected by Depth and Previous Sludge 
Treatments. Sampled April 8, 1976. 



Previous 


sludge 


treatments 

When 
Appl ied 




Depth 






Rate 
kg N/ha 


0-7 in 


7-1* 


in 


Mean 




















-- yg NH^-N/y 




Check* 






k 


2 




3 


200 




Winter 


7 


3 




5 


800 




Winter 


25 


k 




}k 


200 




Spring 


k 


2 




3 


800 




Spring 


5 


2 




k 


200 




Fall 


6 


3 




5 


800 




Fall 


13 


k 




9 


Mean 






9 


3 




6 



NH^NO , 100 kg N/ha applied in spring. 

Sludge treatments are significantly different at 0.05 probability 
and depth is significantly different at 0.005 probability by 'F' 
test. 



TABLE 167. NH/j-N Concentration in Soil from Residual Sludge Nitrogen 

Experiment as Affected by Soil Depth and Current Fertilizer 
Nitrogen Rates. Sampled June 22, 1976. 



Current fertilizer 
N rate (kg/ha) 



Depth 



0-7 in 



7-14 in 



Mean 





67 
34 



yg NhyN/g 

3 
k 
5 



Mean 



Soil depths and fertilizer N rates are significantly different at 
0.05 probability by 'F' test. 
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TABLE 168. Soil pHt from Residual Sludge Nitrogen Experiment as Affected by Previous 
Sludge Treatments and Current Fertilizer-N Rates. Sampled June 22, 1976. 



Previous sludge 

treatments Fertilizer N Rate (kg N/ha as NH^NOj 

Rate When 0~~ 67 Tp Mean 



kg/N/ha applied 



Check* 




200 


Winter 


800 


Winter 


200 


Spring 


800 


Spring 


200 


Fall 


800 


Fall 



7.^3 7.39 

7.51 7.55 

7.38 7.08 
7.^5 7.36 

7.39 7.36 
7.38 7.27 
7.38 7.15 





7.^2 


7.*1 


7.37 


l.kl 


7.18 


7.21 


7.38 


7.^0 


7.28 


7.3* 


7.20 


7.28 


7.22 


7.25 



Mean 7.42 7-31 7.29 7.3<* 



* NH.N0. applied in Spring at 100 kg N/ha. 

Effects of sludge treatments and fertilizer -N rates are significantly different 

at 0.005 probability by 'F' test. 
t Averaged over 0-1*4 in. depth. 
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TABLE 169. Effect of Previous Sludge Treatments and NH4NO3 Fertilizer 
Rates on Corn Grain Yield on 2% Runoff Plots in 1976. 



Previous Sludge Treatment NH.NO, (kg N/ha) Mean 

67 132 

(kg/ha, 15* H 2 0) 

Check (112 kg N/ha, as NH^NO ) 5400 6390 7770 6520 

200 kg N/ha, winter sludge 6220 7020 6400 6540 

800 kg N/ha, winter sludge 7280 7530 6930 7240 



200 kg N/ha, spring sludge 5000 6670 6360 6010 

800 kg N/ha, spring sludge 7290 7850 7700 76 1 

200 kg N/ha, fall sludge 6140 7350 6640 6710 

800 kg N/ha, fall sludge 8070 7430 7660 7720 

Average, 200 kg N/ha sludge 5790 7010 6470 6420 

Average, 800 kg N/ha sludge 7540 76OO 7430 7530 

Overall sludge average 6665 7305 6950 6975 



Level of significant differences by 'F' test 
Sludge treatment 0.005 level 

NH.NO- fertilizer rate 0.005 level 
Sludge x NH.NO. interaction 0.01 level 
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TABLE 170. Rainfall, and NHi» + -N and NHi/'-N plus NO^-N Contents in 
Sludge and Soil Layers Following Sludge Application on 
June 8, 1976. 



Date 



June 8 
9 



Rainfal 1 
in (cm) 


MhJ-N 
ug/cm 


NHT-N + N0"-N 
yg/cm 




810 


1090 




113 


427 




65 


420 




51 


276 


0.08 (0.20) 








118 


548 


0.09 (0.23) 






0.0*4 (0.10) 








137 


551 


0.12 (0.30) 






0.21 (0.53) 







10 

11 

12 

13 
\k 

15 

16 

17 

18 

19 

20 

21 97 491 

22 

23 

24 0.49 (1.24) 81 466 



+ 2 
896 yg NH,-N/cm applied in sludge 
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TABLE 17K Rainfall, and NH//-N and NH^ + -N plus NO^'-N Contents in 
Sludge and Soil Layers Following Sludge Application on 
June 27, 1976. 



Date Rainfall NH.'-N NH?"-N + NOl-N 



T = trace 



Rainfal 1 
in (cm) 


; 2 

ug/cm 




461 


0.83 (2.10) 


330 


T (T)* 




0.27 (0.69) 


328 


0.08 (0.20) 





4- 



yg/cm' 



July 27 461 860 

28 



29 
30 

31 



Aug. 1 
2 

3 18 

4 

5 

6 H: 9 

7 

8 

9 84 

10 
11 
12 0.24 (0.61) 125 698 






.04 


(0.10) 


0, 
0. 


.18 
.49 


(0.46) 
(1.24) 


0. 


T 

T 

.24 


(T) 
(T) 
(0.61) 



+ 2 
487 ug NH,-N/cm applied in sludge 
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TABLE 172. Rainfall, and NH//-N and NH//-N plus N0 3 "-N Contents In 
Sludge and Soil Layers Following Sludge Application on 
October 5, 1976, 



Date Rainfall NhT-N NhT-N + N0"-N 



* T = trace 



4-11 ""f, " T ,w 3- 
in (cm) yg/cm • yg/cm 



October 5 150 199 

6 0.97 (2.46) 134 188 

7 T (TJ* 

8 T (T) 124 167 

9 0.15 (0.38) 
10 

11 

12 89 137 

13 0.25 (0.63) 

14 73 135 

15 0.05 (0.13) 
16 

17 
18 
19 0.43 (1.09) 63 162 



+ 2 
305 yg NH,-N/cm applied in sludge 
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TD Land disposal of sewage sludge 

774 : volume V, (April, 1976 - 

.B38 March, 1977) / Bates, T. E. 
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